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‘“* Where one step broken, the great scale’s destroyed 
From Nature’s chain whatever link you strike, 
Tenth or ten thousandth breaks the chain alike. 
And, if each system in gradation roll 
Alike essential to th’ amazing Whole 
The least confusion, but in one, not all 
That system only, but the whole must fall.’ 


ALEXANDER POPE. 
** Essay on Man,” Epist. I, line 243. 
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PREFACE TO THIRD EDITION 


Our knowledge of nutrition continues to advance rapidly. When the 
first edition of this book was written in 1937, niacin and vitamin K 
had not been discovered. Since the Second Edition was written in 1944 
equally important discoveries have been:made. Much of the recent 
work on the folic acid group (the pteroylglutamic acids) and vitamin B,, 
—still lacking an appropriate name—is revolutionary as regards 
knowledge of the factors needed for blood formation. 

Several beacons have appeared, portents of possible future develop- 
ments. 

More is now known of the distribution of nutrients in the structures 
of cereals, and much of this advance has been due to the work of Dr. 
Hinton of the Cereals Research Station at St. Albans, who separated 
the various parts of the outer coats and embryo of cereal seeds and 
determined the amounts of vitamins in each of them by micro-analysis. 
This should lead to improved methods of milling. 

Physiologically inactive chemical analogues of vitamins have been 
produced in laboratories, some of which can apparently usurp the 
place of vitamins in enzyme systems and thus inhibit the action of 
these systems. There is some evidence that the pellagragenic effect of 
maize must be partly due to such an inhibitor. 

Microbiological assay of the amino-acids is throwing much light 
on the value of the proteins of various foodstuffs, and promises to have 
important bearing on the future processing of foodstuffs to render 
them easily digestible and of high nutritive value. One outcome of this 
may be an easily emulsifiable powder from cheap vegetable sources 
as an adequate substitute for milk. 

Up to a certain point each new edition of a book on a subject that 
is being studied by thousands of clinicians and laboratory workers in 
different parts of the world is likely to be larger than the previous 
edition by the inclusion of much new knowledge; but at the same time 
some matter gets out of date and may be excluded, or new light makes 
it possible to state some facts in briefer form. 

One of the new chapters of this edition is on the processing and 
preparation of foodstuffs. The chapters on foods of vegetable and 
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animal origin have been greatly enlarged by the inclusion of ae 
vegetables, fruits and nuts of minor importance, mention of whic 
should, however, be found in a book on tropical nutrition. eee 
COOKHAM DEAN, 

January, 1951. 


PREFACE TO FIRST EDITION 


THE subject of nutrition has come very much to the fore in temperate 
climates and is having far-reaching results in respect of the growth of 
the children and the general health of the public. The great strides 
made in parasitology in its numerous branches absorbed most attention 
in Tropical Medicine, and only extreme conditions which arise from 
various food deficiencies such as beriberi, scurvy, pellagra and kerato- 
malacia received much notice until very recently. 

In the last few years much nutritional work has been done in several 
tropical countries and this has been mainly along two lines: firstly, 
the study of the less cogent results of dietary deficiencies has brought 
to light the prevalence of many signs, symptoms, stunted growth and 
other effects; secondly, attention has been paid to the diets in use 
among general populations and large numbers of foodstuffs have been 
chemically analysed and biologically assayed. 

The results of these investigations 
papers. 

The object of this book is to give, as shortly as possible, the general 
principles of nutrition and dietetics and to collect under one cover the 
salient points of this scattered information, 


The book is meant primarily for medical men who work among the 
masses in the tropics. 


are recorded in many reports and 


| Pa | 
COLOMBO, 
February, 1938. 
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CHAPTER I 
CARBOHYDRATES AND FATS 


THE body of an adult has approximately the following percentage 
composition in terms of elements :— 


Oxygen : : : OS Phosphorus 1 
Carbon : 2 ‘ - 18 Sulphur . : = (OKA 
Hydrogen . : ‘ LO Chlorine . : : a On1S 
Nitrogen. : ‘ 3 Calcium and other metals. 2°6 


These elements are in various compounds, mainly, proteins, fats 
and carbohydrates, which have been built up from similar substances 
in the food to subserve growth and repair; also they are needed to 
supply energy for all bodily activities categorised as work, 

Food cannot be defined entirely in terms of what is needed for 
growth, repair and the production of energy; if every substance, 
making up a diet, is included, beverages and condiments will not fall 
within any simple definition. 

Table I groups the dietary constituents into a few categories. 


TABLE I 

4 cere, drates f : - are used mainly as fuel for work or heat. 

3. Proteins B : . nitrogenous substances necessary for building up the body 
and repair of tissues. 

4. Minerals , ; . necessary for growth and all metabolic processes. 

5. Vitamins : ; . occur in small quantities and are used for many, if not all, 
metabolic processes. 

6. Beverages and Condiments render the food more palatable, stimulate the appetite and 
digestion and have other effects. 

7. Indigestible residue . insoluble and indigestible matter gives a necessary bulk to 
the food. 

8. Water. 


A matter of great theoretical interest—though it may not be of great 
importance in the practice of dietetics—is the relationship after absorp- 
tion of the constituents of food with those of the tissues of the body. 

About the middle of last century, Helmholtz, recognizing that 
thermo-dynamics were applicable to the human body, compared it 
with a combustion engine: food was the fuel and the organs were 
comparable with the mechanical parts of an engine. At a somewhat 
later date the American biochemist, Folin, suggested that as the working 
parts of the body were subject to wear and tear they needed to be 
constantly repaired. From this arose the idea that there were two 
types of metabolism, the one—called exogenous—by which most of 
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the food is broken down by oxidation to produce energy for work, 
and the other—called endogenous—by which a smaller amount of the 
food is used for repair. 

This idea of a dual type of metabolism was not satisfactory to all 
investigators. Borsook and Keighley,’ from experiments on the rate 
of nitrogen and sulphur excretion, considered that metabolism was 
continuous, food after absorption and the tissues being broken down 
to an equal degree. 

The advance of the science of physics has placed in the hands of bio- 
chemists the means of following the peregrinations about the body of 
the elements in the constituents of food. The elements exist in more 
than one form called isotopes. Hydrogen occurs in nature mainly 
as protium (H!); deuterium (H?) is present in minute traces in all 
water, it can be concentrated as ‘‘ heavy water,”’ which is now produced 
artificially. Similarly, heavy forms of carbon (C?1%), nitrogen (N?°), 
oxygen (O!’ and O18) and sulphur (S** and S#) exist. Other isotopes, 
tritium (H*), carbon (C!*), phosphorus (P%*) and sulphur (S*°) are 
being produced on a commercial scale by means of the uranium pile 
reactor. Apart from these heavy forms of the elements there are 
radio-active isotopes which can be produced by means of the cylotron. 

The presence and the amount of the heavy isotopes can be deter- 
mined by the mass spectrometer, and the radio-active isotopes by 
means of the Geiger counter. 

Chemical analysis can deal only with relatively enormous quantities 
in comparison with the determinations by the Geiger counter, which 
can record the presence of a single radio-active atom. 

Some of the basic constituents of food, such as fats, proteins and 
minerals, have been prepared in which the normally occurring form 
of one or other of the elements is replaced by heavy or radio-active 
isotopes. 

The term “ tracer” is used for the elements which can be followed 
among the tissues of the body by means of spectrometry or the Geiger 
counter, and a nutrient containing a tracer element is said to be 
“tagged” or “ labelled.’ 

Heresy * was the first to trace a radio-active element in living tissue. 
In 1923 he used the naturally occurring form of radio-active lead, 


known as radium D, to follow the absorption and movement of lead 
in plants. 


1 Proc. roy. Soc. (1935), B.. 118, 488. 
* Biochem. J. (1923), 17, 439. 
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It has been due mainly to the brilliant and classical work of Rudolf 
Schoenheimer *, starting about the year 1934, that the way has been 
paved for a vast number of researches revealing the chemical processes 
of metabolism. 

In one of his early experiments he introduced deuterium into the 
structure of stearic acid and fed it to rats. In an astonishingly short 
period of time there was a deposition of this deuterostearic acid in the 
fats throughout the bodies of the rats killed for analysis. 

Schoenheimer also investigated the amino acids of proteins. These 
acids consist of two parts—an amino group and a carbon chain, and 
each part may travel a different pathway. The amino group was 
synthesised from ammonia in which the nitrogen was in the form of the 
heavy isotope N?° and the carbon chain was labelled with deuterium. 
The amino-acids were given to rats, which had been well fed so that 
their bodies were not in need of much repair; if the old view of an 
endogenous metabolism had been true, most of the tracer elements 
should have quickly appeared in the urine, but more than 50 per cent. 
of these elements were found to be fixed in the tissues. Further, the 
deuterium of the carbon chain was not found in the same amino-acid 
of the tissue as the N!° of the amino group. Therefore, there had been 
a breaking up of the ingested amino-acid, each part of it being used for 
the formation of a different amino-acid in the tissues. 

Other experiments have shown that, when radio-active phosphorus 
is fed to rats, it has appeared within four hours throughout the body, 
even in the interior of the bones. 

The conclusion from the many experiments done in recent years 
with tracer elements is that the body is in a very dynamic state; there 
is no static store, not even in the apparently stable fats of the sub- 
cutaneous tissue, nor in the minerals of the bones. The constituents 
of the tissues and those absorbed from the food are in a continual 
orderly but seething state of exchange. 


CARBOHYDRATES 


The carbohydrates comprise the sugars and starches. 
They are divided into three large groups and the names of these 
are derived from their general chemical formule: 


C,Hi20¢ Monosaccharides 
Ci2He2O1 Disaccharides 
(C,H,,O;)x Polysaccharides 


¢ “ The Dynamic State of Body Constituents ” (1946), Harvard University Press. 
1-2 
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Monosaccharides 

These simple sugars are soluble and diffuse through the walls of the 
alimentary tract without being acted upon by the digestive enzymes. 
The three commonest are glucose, fructose and galactose. 

These can be built up in the body into the polysaccharide glycogen. 
When excess of carbohydrates are consumed large quantities of glycogen 
are stored in the muscles, the liver and to a less extent in the other 
tissues of the body, to be reconverted into glucose when required for 
the maintenance of the normal amount of sugar in the blood. 

Glucose (dextrose, grape sugar, starch sugar, corn sugar) 1s of great 
importance in two respects—firstly, it is abundant in many fruits and 
other vegetable products, where it usually occurs in association with 
fructose and sucrose; it may constitute 20 per cent. of the dried 
substance of grapes, and is present in many roots such as onions, 
sweet potatoes and yams; secondly, it is the product of the action of 
the digestive enzymes on all starches. Glucose is oxidized to carbon 
dioxide in the production of energy and heat, but the action is not 
direct, intermediary bodies are formed. 

Fructose (fruit sugar, levulose) occurs in plant juices. It constitutes 
about half the sugar in honey. The body can convert it into glucose. 

Galactose is formed together with glucose when the digestive enzymes 
act upon the disaccharide lactose (milk sugar). The mammary gland 
forms galactose from glucose and then combines it with more glucose 
to form lactose. The galactans which occur in many plants are 
polymeric anhydrides of galactose. 

Glucose occurs in the tissues in combination with proteins. 

Medicinal Glucose. It has become a fashion among some of the 
well-to-do classes to use an expensive form of more or less pure 
anhydrous glucose, in place of the beet or cane sugar of the market. 
As, however, all sugars are readily converted into glucose in the 
stomach no point is served by the use of pure glucose. There is, 


however, an important place for pure glucose in certain forms of 
hospital practice. 


Disaccharides 


The disaccharides are changed into monosaccharides during the pro- 
cess of digestion. Three of them are important constituents of foods 
. Saccharose (sucrose, beet sugar, cane sugar) is the commonest oki 
in the markets of the world and is produced in enormous quantities 
from canes, palm trees, beetroot and maple. It occurs in most plant 
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juices, usually in association with other sugars. Pineapples and 
carrots are particularly rich in it. 

Saccharose rotates the plane of polarized light to the right, but the 
product of its hydrolysis, an equal quantity of glucose and fructose, 
rotates the plane to the left, this is because, although glucose is dextro- 
rotatory, fructose is more actively levorotatory. This inversion gives 
the name invert sugar to the product of the hydrolysis of saccharose. 

Lactose constitutes 4-5 per cent. of the milk of cows and 6-7 per 
cent. of human milk. It is less soluble and less sweet than market 
sugar, and less likely to cause digestive disturbances in infants. 

Maltose occurs in germinating cereals and the products of them, 
such as malt. When the digestive enzymes act upon starches maltose 
is formed as an intermediary product in the formation of glucose. 

Sweetness of Sugars. It is difficult to assess a degree of sweetness; 
the figures usually given, ranging from the sweetest, are levulose 173, 
sucrose 100, dextrose 74, maltose 32, galactose 32, and lactose 16. 

The substance o-benzoicsulphinide (CO.C,H,.SO,NH), known 
popularly as saccharin, has several thousand times the sweetness of 
sucrose. In terms of sweetness 2 gr. will replace a daily allowance of 
2 oz. of sugar. Saccharin has no nutrient properties, but no ill-effects 
have been shown to follow its daily use. 


Polysaccharides 


Most of the polysaccharides are insoluble in water, but some form 
colloidal dispersions which are usually opalescent, and a few form 
solutions. Those that are available for food are broken up by the 
digestive enzymes into glucose. 

Starch is stored in plants, specially in seeds and tubers, as a source 
of supply for the future requirements of growth. The dried cereal 
grains contain from 50 to 80 per cent. of starch. When a small piece 
of a grain or tuber is broken up in a little water and examined under 
the microscope it is seen that the starch is stored in dense granules; 
if these are heated in water they rupture and the starch is dispersed. 
This is one of the changes brought about by cooking and enables the 
digestive enzymes to hydrolyse cooked starch more readily than when 
it is raw. One of the first actions of digestion is to break down the 
molecules of starch to less than a fifth of their size, and these products 
are soluble in water and are known as dextrins. 

Glycogen is sometimes called animal starch. It forms an opalescent 


dispersion in cold water. 
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Carbohydrates not Available to Human Digestion 


Sugars, dextrins, and starches are the carbohydrates available to 
human digestion. Those unavailable are: celluloses, the main con- 
stituents of wood and vegetable fibres; hemicelluloses which have been 
defined as those carbohydrates which can be extracted by 4 per cent. 
NaOH at room temperature and precipitated by excess of ethanol. 
Pectin, the gelatinous substance of plants which causes the setting of 

, jams, and other cooked food, is a hemicellulose. Pentosans and 
galactans are others which cannot be utilized. These carbohydrates 
help to give bulk to the food and much of them appears unchanged 
in the feeces, but some are broken up by bacterial action and may give 
rise to flatulence. Most pulses and nuts are rich in unavailable 
carbohydrates, but cereals are mainly free from them. 


FATS AND LIPOIDS 


The fats and lipoids may be defined as substances which are soluble 
in ether, chloroform or benzene, but insoluble in water, and can be 
used as food by living organisms. The fats include all edible oils 
such as olive or coconut oil. 

The fats are compounds of glycerol, which is trihydric, and fatty 
acids, which are monobasic, hence on hydrolysis the fats split up into 
three molecules of fatty acids and one of glycerol; for example: 


C3H;(CisH 3102); + 3H,O —> C,H;(OH); + 3C,,H3,0, 
palmitin glycerol _ palmitic acid 
(glycerol tripalmitate) 


The naturally occurring fats are made up of many triglycerides, 
but they are not all simple triglycerides in which a glycerol molecule 
is combined with three molecules of a single fatty acid; in most cases it 
is combined with two or three different acids; for instance, a mixed 
glyceride having one molecule each of palmitic, stearic and oleic 
acid combined with one molecule of glycerol would be stearo-oleo- 
palmitin. 


The fatty acids belong to a few homologous series and fall into two 
categories: 

(1) The saturated fatty acids have a formula C,,H2,02, in which the 
number of hydrogen atoms is twice the number of carbon atoms. 
Table I gives the more important acids of this series and some of the 
fats in which they are found:as glycerides. 
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TABLE II 

ae . Acids of the Series C,,H,,,0. 

utyric acid, CH,(CH,),COOH : . About 6 per cent. in butter. 
Caproic acid, CH,(CH;,),;COOH . In butter and coconut oil. 
Caprylic acid, CH,(CH,),;COOH . - In butter, human fat and vegetable oils. 
Capric acid, CH,(CH;),COOH : - In butter and coconut oil. 
Lauric acid, CH,(CH;),,COOH - In butter and all palm oils. 
Myristic acid, CH,(CH2);,COOH . . In most animal and vegetable oils. 
Palmitic acid, CH,(CH2),;,COOH . - In most animal and vegetable oils. 
Stearic acid, CH,(CH;),,;COOH . - In most animal and vegetable oils. 


The consistency of fats depends upon the molecular weights of their 
fatty acids. Butyric acid has a low molecular weight and the tri- 
glyceride is a thin oil, whereas the triglyceride of stearic acid of high 
molecular weight is a hard solid fat. Under ordinary temperature 
conditions in the tropics the last three fats of Table II are solid. 

(2) The unsaturated fatty acids are of several series and have general 
formule C,,H;,,.02, C,H»2,_4O0>, etc., in which the number of hydrogen 
atoms is less than double the number of carbon atoms. 

Oleic acid, C,3H3,O2, of the first series is the commonest unsaturated 
fatty acid in animal and vegetable oils. Erucic acid abundant in many 
vegetable oils also belongs to this series. The glycerides of the acids 
of the series C,,H,,_,Oo, C,,H»,,-~O02 and C,,H;,_,O2 are present in many 
fats. Linoleic acid, CygH 3205, and linolenic, C,gH9O.2, were first found 
in linseed oil, and later in butter and other fats. Sesame (gingelly) 
oil, a common edible oil of the tropics, contains 14 per cent., by weight 
of linoleic but no linolenic acid. Arachidonic acid, CyH 3,02, of the 
fourth series occurs in brains, liver and egg yolks. 

The unsaturated fatty acids will take up iodine (or other halogen) 
by addition to form saturated compounds. The amount of iodine 
taken up by a fat is more or less characteristic of that fat, and is known 
as the iodine number, and this number roughly indicates the amount of 
unsaturated fatty acid in the composition of the fat. The iodine 
number is the number of grams of iodine which can be taken up by 
100 gm. of the fat. Table III gives the iodine number of various fats. 


TABLE Ii 
Vegetable Oils 
Oil Iodine number ; Oil Iodine number 

Linseed . : ; . 175-205 Olive . : ; . . 79-88 
Soya bean , ; . 137-141 Palm . ‘ : ; ~ BIVEe 
Maize . : : = 113-125 Shea butter i, : ‘ 56 
Cotton seed . : . 108-110 ‘* Margarine” . : : 50 
Sesame . : : ; 83-110 Coconut . : ? ; 9 
Castor . F P : 83-86 

Animal Fats 
Fish oils : ; . 120-195 Lard . , . ; : 60-70 
Blubber oils (whale, seal) . 100-150 Butter 4 . ; . 26-28 


Marrow fat . : , 50-80 
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Most of the glycerides of the unsaturated fatty acids have much lower 
melting points than the glycerides of the saturated fatty acids having 
the same number of carbon atoms. 

The fat is firmer in land animals than in those of the sea, which is 
well illustrated by comparing lard with whale oil. 

Soft fats or oils, which are rich in unsaturated fatty acids, can be 
hardened to a desired consistency by hydrogenation by which they 
are saturated with hydrogen by the aid of a catalyst, such as powdered 
nickel. This process has been widely used for the production of 
margarine and lard substitutes from vegetable and whale oils. These 
sophisticated fats have been used in vast quantities without ill-effects 
arising from them and therefore may be considered wholesome. 

Margarines should be reinforced with vitamins A and D, and with 
unsaturated fatty acids. 

Human Needs for Fat. Fats are deposited in the subcutaneous 
tissue as a protection against cold and injury, and in the abdomen as a 
padding and support of the viscera. Their light, compact and in- 
soluble nature enables the storage of them to take place without the 
addition of water, and this can occur with no other substance. The 
fats are composed of the same three elements as the carbohydrates, 
but they are superior to them as a supply of energy because they have 
less oxygen in proportion to the carbon and hydrogen, and hence on 
complete combustion produce more energy. Any normal deposit of 
fat is a reserve store for the production of heat and work. 

It may appear obvious from many common experiences that fats 
can be synthesised from carbohydrates in the animal body, such as 
when pigs are fattened for the market by feeding them on grain meals rich 
in carbohydrates and poor in fats; yet the matter was in dispute until 
carefully planned experiments, in which animals were fed on diets 
containing very little fat, showed that more fat was deposited in the 
body than was taken in with the diet. Other experiments have shown 
that carbohydrates contribute to the production of fat in milk. 

Experiments with carbohydrates containing isotopic tracer elements 
show that the conversion of them to fats proceeds continuously. 

Although much of the fat in the body may be formed from carbo- 
hydrates, yet fat is needed in the diet for several reasons, two of which 
are clearly understood. Firstly, certain essentials, such as vitamins 
A, D and E, can be adequately absorbed only when dissolved in fats. 
Secondly, there are unsaturated fatty acids, essential for healthy 
nutrition, which cannot be produced from carbohydrates. Burr and 
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Burr,* in 1929, were the first to show that rats fed on fat-free diets 
became ill with staring coats, dermatitis, caudal necrosis and wasting 
leading to death. Later (1932) ® they found that it was the unsaturated 
acids, such a linoleic and linolenic, which were essential. Their work 
has been amply confirmed, particularly since work with tracer elements 
has shown that all the fatty acids in the bodies of animals can be 
formed from other fatty acids or carbohydrates in the food with the 
exception of the essential unsaturated acids. There is some evidence 
that arachidonic acid is the most important, and it may be that the 
two acids mentioned above are converted into it within the body. 
These acids act in very small amounts, one drop (0-1 gm.) of linoleic 
acid daily is sufficient for the growth and health of a rat. There is 
some evidence that these unsaturated fatty acids have a double action, 
because another fatty acid, docosahexenoic of cod-liver oil in small 
daily doses (0-1 gm.) will allow normal growth to return to rats which 
have been on fat-free diets, but it will not cure the dermatitis.® 

The daily amounts of the unsaturated fatty acids needed are so small 
as to render it unlikely that they will be deficient in any human diet. 

In 1946 Boer * and others reported that ‘‘ summer ”’ butter contained 
a growth promoting factor for rats which they identified as vaccenic 
acid, an unsaturated iso-oleic acid. In 1947 Geyer ® and co-workers 
analysed various animals and plant fats for vaccenic acid and found it 
in animal but not plant fats by the methods they used. 

The consumption of an excessive amount of fats may give rise to 
an acidosis due to the formation of the ketone bodies, namely hydroxy- 
butyric acid, acetoacetic acid and acetone. 

The vitamin pyridoxine (q.v.) appears to play a part in the absorption 
of the fatty acids. 

The body fat of each species of animal is more or less of its own kind 
and is not materially affected by the usual diet. But when an animal 
is heavily fed on one particular kind of fat, some is stored in the adipose 
tissues in a proportion not normal to the animal. 


LIPOIDS 


The lipoids fall into three groups: | | 
(1) Sterols, composed of neutral esters of alcohols combined with 


fatty acids; cholesterol and ergosterol are examples. 


4 J. Biol. Chem. (1929), 82, 345. 

5 Thid. (1932), 97, 1. 

6 Hume, E. M, Biochem. J. (1938), 32, 2162. 
7 Nature (1946), 158, 201. 

8 J. Biol. Chem. (1947), 169, 227. 
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(2) Phospholipids are compounds of an alcohol, fatty acids, phos- 

phoric acid and an organic base (choline); lecithin is an example. 

(3) Glycolipids are compounds of a carbohydrate (galactose), with a 

fatty acid and an organic base. 

Lipoids are present in all cells and take part in many complex 
metabolic processes. 

Ergosterol after irradiation with ultra-violet light has the physio- 
logical activities of vitamin D (q.v.). 

Cholesterol is needed for blood formation. Chatterjee® has 
recorded that in an anemia of pregnancy in women of India the 
amount of the esters of cholesterol in the blood is less than half of 
normal (78 and 30-8 mg. per 100 gm.), and that the anemia can be 
rapidly cured by injecting 2 ml. of 5 per cent. cholesterol in olive oil 
parenterally every other day. This small amount of cholesterol would 
not correct the deficiency, and the lipoid can be synthesised in the body 
from oleic acid, therefore Chatterjee’s results are difficult to understand. 


® Lancet (1940), 14. 





CHAPTER II 
THE PROTEINS 


THE carbohydrates and fats are sources of energy for the muscular 
activities of the body and are used only in small amounts in the building 
of the tissues; the proteins, on the other hand, are the main con- 
stituents of the cells of the body and form the greater part of the dried 
substance of the organs and muscles. All proteins contain the five 
elements nitrogen, carbon, hydrogen, oxygen and sulphur. 


Chemical Nature of the Proteins 


An analogy between the starches and the proteins may be suggested; 
when the former are hydrolyzed the large molecules break up and 
form dextrins and these break up into the disaccharide maltose which 
in turn becomes the monosaccharide glucose. The proteins on 
hydrolysis or digestion likewise produce substances of progressively 
smaller molecular weights, proteoses are first formed, then peptones 
and peptides, and finally amino-acids. The results of the hydrolysis 
of the two groups of substances is shown as follows: 

Starches —> dextrins —> maltose —> glucose 
Proteins —> proteoses —> peptones —> peptides —> amino-acids 

There is, however, one great difference; whereas the starches are all 
broken up into the single substance glucose, the proteins are broken 
up into a number of different amino-acids. 

The amino-acids are compounds of the amino group (NH,) 
with various organic acids, all of which have a carboxyl group 
(COOH). 

The number of amino-acids used to build up proteins has been given 
as about 22, but the number depends on the method of counting them: 
leucine and isoleucine are considered two definite entities, but lysine 
and hydroxlysine are grouped together as are cystine and cysteine. 
Again there are special amino-acids such as iodo-tyrosine of the 
thyroid gland. However, most of the proteins are built up with 
15 to 18 amino-acids. 

Table IV is a list of the amino-acids with their empirical formule 


and optical form. 
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TABLE:IV 
Amino-acid Empirical Optical Form 
Formule 
Glycine : ; : i ; C,H;O.N 
Alanine ; : : ; - C3,H,O.N d 
Valine . ° : . ‘ : C;H,,0.N d 
Leucine ; ‘ ; ; , C,H;;0.N l 
Isoleucine. : , : é C,H;,0;N d 
Phenylalanine , : ; , CyH1102N l 
Tyrosine ¢ : : : , C,Hi,0;N | 
Serine . : ; , : C,H,O;N ] 
Threonine C,H,O,N d 
Cysteine C,H,O.NS l 
Methionine C,;H,,0.NS l 
Aspartic acid OAs Ob Py | 
Glutamic acid ; C,H,O.N d 
Hydroxyglutamic acid C,H,OgN d 
Arginine : : C,Hi,O.N, d 
Lysine ; C,Hi,02Ne d 
Hydroxylysine C,H,,0;Ne 
Histidine C,H,O.N2 l 
Citrulline C.Hy.OLNg 
Proline ; C,;H,O.N l 
Hydroxyproline C.H,O;N | 
Tryptophane C,,H,2.0.N2 l 


A satisfactory classification of the amino-acids has not been forth- 
coming. Table V gives a classification based on the numbers and 
arrangement of the amino and carboxyl groups: 


TABLE V 
Classification of the Amino-acids 


Group I: Monoamino-monocarboxylic acids 

Examples: Glycine, aminoacetic acid CH.(NH,).COOH. 

Alanine, aminopropionic acid CH,.CH(NH,).COOH. 

Group IL: Monoamino-dicarboxylic acids 

Example: Aspartic acid, aminosuccinic acid COOH.CH,.CH(NH,).COOH. 
Group III: Diamino-monocarboxylic acids 

Example: Lysine, diaminocaproic acid 

CH,(NH,).CH,.CH,.CH,.CH(NH,).COOH. 

Group IV: Heterocyclic amino-acids 

Example: Tryptophane, indol alanine 


CH 


i 
i C—C.CH,.CH(NH,). COOH 
ll 


Seven of the amino-acids are compounds of proprionic acid and 
the simplest of these is alanine, which is of great importance because 
the other six may be derived from it by the substitution of a simple or 


complex radical for one of the hydrogen atoms of the B-carbon of 
alanine. 
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TABLE VI 
(hydroxy]) (sulphydry]) (phenyl) 
ae rere ees CH,C.H. 
igen? ee CHNH, Sete 
~ s 
COOH COOH COOH COOH 
Alanine Serine Cysteine Phenylalanine 
(hydroxypheny]) (imidazole) (indol) 
CH.C,H,OH CHC.H.N, CH.C,H,N 
ae CHNH, CHNH, 
| | 
COOH COOH COOH 
Tyrosine Histidine Tryptophane 


Thus by the substitution of an OH or SH group serine and crysteine 
respectively is obtained, and similarly an indol radical produces 
tryptophane. Table VI gives the seven ‘ propionic’ amino-acids 
and shows the substituted radicals. 

Two molecules of cysteine are bound together to form cystine 
(dicysteine), as in the following formula :— 


Cystine 
Building the Proteins 

The proteins have very high molecular weights, and the minimum 
which has been suggested is about 1,600, but most of them have far 
higher molecular weights than this, many appear to be multiples of 
34,500. 

Two amino-acids can combine by the carboxyl group of one reacting 
with the amino group of another with the elimination of a molecule 
of water, this can take place between two molecules of one amino-acid. 
The following formula shows the linkage of two molecules of glycin 
to form the dipeptide glycylglycin :— 

H,N—CH,—C—O 


HN—CH,—COOH 


In this way a vast number of dipeptides, tripeptides and polypeptides 
can be formed, and this type of anhydration is the principal reaction 
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by which the proteins are built up from the amino-acids set free by 
digestion. There are other substances in proteins as well as amino- 
acids, such as iron in hemoglobin, phosphorus in milk and egg 
proteins, and the carbohydrates mannose and galactose enter into the 
composition of most proteins. 


The Proportion of Amino-acids Present in Various Proteins 


The protein mass from any form of living matter can be separated 
into a number of more or less definite proteins, a familiar example is 
the albumins and globulins of blood. 

The analysis of proteins in terms of amino-acids has presented great 
difficulties in the past, especially as methods used to break down the 
proteins, also break down some of the amino-acids to produce ammonia 
and CO,. For instance, hydrolysis with mineral acids tends to break 
up tryptophane. The first analyses were done by chemical methods: 
in 1898 Rossel precipitated histidine from hydrolysates by HgCl,, and 
arginine by means of silver salts. Van Slyke,! by proportional pre- 
cipitation with phosphotungstic acid, obtained fair results for several 
amino-acids. More satisfactory analyses have been made in recent 
years since it has been discovered that the requirements of micro- 
organism for different amino-acids vary greatly. Various organisms 
require a different amino-acid composition of the media for their 
growth. Further, the degree of growth of each particular organism 
in culture depends upon the amount of the needed amino-acid in the 
media. Hence by microbiological means the presence and amount 
of various amino-acids can be determined.? 

It is interesting to note that in 1922 methionine was discovered by 
J. H. Muelles * because it was essential for the growth of hemolytic 
streptococci. 

A technique called chromatography was invented in 1906 by the 
Russian botanist Tswett for the separation of plant pigments. In 
recent years it has been developed for determining the amino-acids in 
protein hydrolysates. When hydrolysates are slowly passed through 
a column ina glass tube of appropriate adsorbent, such as a complex 
aluminium silicate or special type of synthetic resin, some of the amino- 


J. Biol. Chem. (1911), 10, 15. 


* Methods of estimating the amino-acids and nearl i 
ds o ‘ids, y complete references can be obtz 
by consulting: Block, R. J., and Bolling, D. (1946), ‘“* The Amino-acid Conipouitien aa 
Protein and Foods”; Block, R. J., and Mitchell, H. H. (1946), Review Article. Nutr. 


Abstr. Rey. : i é i l 
ak ee ic nase: Schweigert, B. S., and Snell, E, E. (1947), Review Article. Nutr, 


° J. Bact. (1922), 7, 325. 
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acids are sorted out into different layers; in a similar manner these 
may be separated by passing the hydrolysate slowly along a strip of 
filter paper. 

The results of analyses show that some proteins are rich in some 
amino-acids and poor in others. Table VII gives the differences in 
composition of several protein complexes and individual proteins in 
terms of twelve important amino-acids. There are a few proteins 
such as zein of maize, and gelatine which contain none or only a trace 
of one or more important amino-acid. 


The Nutritive Value of Proteins 


The nutritive value of proteins depends mainly upon the kinds and 
proportions of their amino-acids. Much work has been done on this 
subject by Rose, Mendel and others. Their experiments have con- 
sisted in feeding young rats on diets containing a sufficiency of carbo- | 
hydrates, fats, minerals and vitamins, but only a single protein, and if 
the rats fail to grow the diet is supplemented with one or more amino- 
acids which are deficient in the protein. Zein contains no glycine or 
lysine and very little tryptophane (Table VII). When young rats are 
fed on a diet sufficient in all respects except that zein is the only protein 
present they cease to grow, become ill, and do not survive long. If, 
however, lysine and tryptophane are added to the diets before the rats 
are moribund, health returns and soon they commence to grow. The 
addition of glycine has little or no effect. It is concluded from this 
that lysine and tryptophane are essential in animal diets, but that 
glycine can be formed in the body from the other amino-acids of the 
food. 

Experiments of this kind have revealed the amino-acids essential 
for the growth and health of the rat. The use of tracer elements 
in amino-acids has brought supporting evidence, by showing that 
a proportion of certain amino-acids on absorption into the body 
quickly lose their identity and by transamination are built into other 
amino-acids of the proteins of the tissues. The essential amino-acids 
for the rat are—histidine, lysine, tyrosine, tryptophane, phenylalanine, 
cystine, methionine, leucine, isoleucine and valine. It is noteworthy 
that two forms of leucine of the same empirical formula but different 
optically are both essential. The matter, however, is relative; arginine, 
threonine, glutamic acid and proline can be synthesized in the animal 
body, but appear not to be produced fast enough for the needs of normal 
growth and hence are needed in the diets of young rats. 
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Cystine and methionine are the two amino-acids which contain 
sulphur; the latter can replace or be changed into the former in the 
animal body, and although most of the requirements for cystine may 
be met in this way, yet there is some evidence that cystine is essential. 
Therefore some amino-acids cannot be placed in lists of two hard-and- 
fast categories—the essential and the non-essential. 

For the purposes of showing relative values of proteins they have 
been grouped into three categories: 


(1) “ Complete.” When one of these is the only protein in the 
diet and is present in sufficient quantity it can maintain life and 
support normal growth of the young. Casein and lactalbumin of 
milk, ovalbumin of eggs, glicinin of soya bean and glutelin of 
maize are examples of these. 

(2) “* Partially incomplete.” These can maintain life but cannot 
support normal growth. Gliadin of wheat, hordein of barley 
and prolamin of rye are examples. 

(3) “Incomplete.”” These are incapable of maintaining life or 
supporting growth. Zein of maize and gelatin are notable 
examples. 


Here, again, the matter is very relative, casein is a fairly good protein, 
but it can support normal growth only when it constitutes about 18 
per cent. of the diet; in smaller quantities it must be supplemented 
with cystine, because it is poor in this amino-acid. 


Strepogenin 

It may be that certain peptides of fairly low molecular weight (when 
compared with most proteins) are needed preformed in the diet. Sprince 
and Woolley 4 discovered the existence of a factor necessary for the 
growth of group A hemolytic streptococci. They named this factor 
strepogenin. It has been shown to be needed for good growth of 
mice. The peptide seryl-glycyl-glutamic acid has similar properties to 
strepogenin. 


Theoretical Protein Requirements for Maintenance and Growth 
Obviously proteins are required for the building up of the growing 
body, but they are also needed for maintenance to repair the tissues, 
to produce metabolic and digestive enzymes, and hormones, such as 
thyroxin and insulin, which are formed from amino-acids. 
4 J. exp. Med. (1944), 80, 213. 


T.N.D. 
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The wear and tear of the body in normal health does not result in 
the breaking down of large amounts of nitrogenous matter. The 
muscles use carbohydrates for the production of work and use proteins 
only to a very small extent. 

The amount of protein used by the body can be calculated by striking 
a balance between the amount of nitrogen taken in as protein in the 
food and the amount appearing in the urine, feces and sweat—the 
last may be neglected under winter conditions in temperate climates, 
but may need to be taken into consideration in tropical conditions. 
About 3 gm. of nitrogen are lost daily by a man weighing 70 kg. 
(154 Ib.). The figure used to convert nitrogen into protein values is 
6:25, therefore 18-75 gm. of protein are being used for maintenance. 
But several factors render this amount far too low for dietary needs; 
these are: 

(1) Katabolism, needed to maintain the healthy dynamic state of the 
body, is not complete on low protein consumption, and therefore the 
theoretical requirements of 18-75 gm. are not sufficient. 

(2) Digestive Utilization. The digestibility of a protein in a food- 
stuff may be given as the percentage which is digested and absorbed; 
this is based on the amount of protein consumed less the amount 
appearing in the feces. The calculation is not simple because much 
of the protein of the feces is derived from the digestive enzymes, and 
from cells shed from the mucous membrane in the wear and tear of 
the gut. The digestibility of the proteins of many foodstuffs has been 
determined by feeding experiments with rats. The foodstuffs are 
finely ground or mashed up and cooked so that they may be easily 
penetrated by the digestive juices. 

The digestibility of foodstuffs for rats (as given in Table XI) may 
not be accepted for practical dietetics without certain reservations. 
The proteins of most foodstuffs are not always easily attacked by the 
digestive enzymes because of fibrous or fatty tissue. All vegetable 
foods contain some indigestible cellulose or hemicellulose: in one 
experiment with pigs the proteins of refined maize flour was digested 
to the extent of 94 per cent. compared with 71-4 per cent. for whole 
maize flour. All meats are not equally digestible, the connective tissues 
and ligaments of the muscles of animals toughen with age; and fat 
between bundles of muscle fibres, as occurs in fat pork, must be partly 
digested before the muscle proteins are reached by the digestive juices. 
There is some evidence that the proteins of pulses are less digestible 
than those of cereals; not.only so, but some pulses contain proteins 
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which inhibit the action of the alimentary enzymes; aqueous extracts 
of raw soya beans and navy beans contain trypsin inhibiting proteins, 
though fortunately these are destroyed by cooking. Cotton seed 
contains a toxic principle named gossypol which has an inhibitory 
effect on pepsin and trypsin; gossypol can be extracted by water, 
but moist heat combines it with the proteins and renders them indi- 
gestible, possibly this is the reason why this seed rich in proteins and 
fat has not been used in human dietaries. Again proteins, occurring 
in small amounts in bulky foodstuffs, such as leaves, are likely to pass 
along the alimentary tract too rapidly for complete digestion and 
absorption. 

(3) Biological Value. This term was introduced by Thomas (1909) ® 
to indicate the amount of body nitrogen spared by 100 parts of absorbed 
nitrogen from a test diet. Originally it referred to maintenance needs, 
but it has since been applied to the needs of growth. 

If the proteins of a diet contained all the amino-acids in the same 
proportions as they occur in the tissues of the human body, they might 
be completely utilized for the growth or repair of the body, though 
probably the body does not possess such high metabolic efficiency. 

It might appear that an inspection of tables of analyses for the 
various amino-acid contents of foodstuffs would be sufficient to make 
a selection giving optimum values to a diet. Knowledge, however, 
has not reached that stage, because the exact requirements of the 
human body for the various amino-acids are not known, and further 
there are isomeric forms of amino-acids which may not be 
utilizable. 

The biological value depends to some extent on the amount of 
protein in the diet; it may not be the same at a 20 per cent. level as it is 
at 10 per cent. The values given in Table XI were obtained by feeding 
rats on diets containing 10 per cent. of protein. 

Although the quality of a protein for body maintenance can be 
expressed roughly in numerical terms, this cannot be done so satis- 
factorily for growth, because the relative requirements for growth and 
maintenance are continually changing, and further a protein which is 
of poor value in the early years of life may become more valuable in 
the later years when the growth requirements are declining and the 
needs of maintenance are increasing. 

Net utilization of proteins takes into account both digestive and 
metabolic utilization, and the figure to indicate it for any particular 

5 Physiol. Abstr. (1909), 219. 
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foodstuff is the multiplication of the digestive co-efficient by the 
biological value divided by 100 (Table X1). 

The maintenance requirements of children of all ages, except for a 
short period after birth, greatly exceed the growth requirements. 
Table VIII gives these theoretical requirements at different ages: 


TABLE VIII 
Body Protein Requirements for the Child During Growth 
Proteins required for Total dail ly 
Weight 2 ee protein 
Age kg. Maintenance Growth requirements 
PAM nya eo : : 3 ZS pie] 48 
» 4 years : : 15 a6) 1-28 6°58 
” ” : . 24 7:8 1:54 9-34 
14 eae, 42 13-1 3°33 16-43 
viel ten 60 17:8 1:28 19-08 


It follows that experiments with children for the determination of 
protein values for growth will have little value because the maintenance 
requirements will mask those of growth. It is very different with the 
young of most animals, which grow far more rapidly than children. 
A human being increases in weight from 12 to 65 kg. between the 
ages of 2 and 20 years, whereas a pig on a suitable diet will increase in 
weight 1 kg. a day. Thus whilst the pig is gaining 53 kg. in 53 days, 
man takes 18 years for a similar increase. This represents 187 gm. 
a day for a pig in contrast with 1-5 gm. for man. 

The differences for the human being, the pig and the rat for main- 
tenance and growth are compared in Table IX for the periods of their 
most rapid growth. 

















TABLE IX 
Daily production | Daily pro- 
: Mean of body proteins | duction of 
Period of growth weight — = Daily proteins in 
kg. Mainten- Growth | total | kilogramme 
ance em gm. | body weight 
3 gm. : gm. 
Human being 14-16 - 
years . ; : 48-5 15 3-33 18:33 | 0-38 
Pig of 48 kg. . ; 48-0 15 189-00 202-00 4-20 
Rat of 40-180 gm. . 0-11 0:06 | 0-33 | 0-38 3-20 














In experiments with the growing pig or rat the maintenance require- 
ments will not greatly mask the growth requirements. 


Three experimental methods have been used to determine the 
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relative values of different proteins for the growth of young animals, 
they are : 

(A) The determination of the minimum amount of protein in a diet 
which will support normal growth. For instance 6 per cent. of milk in 
a diet as the sole protein supply will maintain normal growth of young 
rats, whereas 17 per cent. is needed in the case of rice or maize. 

(B) The comparison for various proteins of the retention of nitrogen 
by rapidly growing animals such as young pigs. For example, the 
co-efficient of N retention in young pigs in one series of experiments 
has been recorded as 68 for milk compared with 36 for maize and 26 
for lentil flour. 

(C) The “ protein efficiency ratio” as first proposed by Osborne, 
Mendel and Ferry,® and in a modified form has been found more 
satisfactory than other methods for apprising the value of proteins 
for growth. The procedure for determining this ratio consists of 
feeding growing rats over a period of 4-8 weeks on a diet containing 
10 per cent. of protein (reckoned on the conventional factor of N x 
6:25) and finding their weight increase in grammes per gramme of 
protein taken daily. A few of these ratios are given in Table X. 


TABLE X 
Weight Increment in Grammes per Gramme of Daily Protein intake in Rats over a period 
of 30 days 
Foods of Animal Origin Foods of Vegetable Origin 

Milk : : . 2°89 Wheaten flour - . 0:88 

Beef muscle 3°15 Wheat (whole grain) 1:4 

Ox liver . 2:82 Rice (whole grain) 1-1-6 

Ox heart 2) Oats (whole grain) : 1-1-5 

Pig’s liver 3:54 Barley (whole grain) . 1:2-1:9 

Ox kidney 3-00 


Limiting Amino-acids giving a Relative Chemical Score 


R. J. Block and H. H. Mitchell,’ accepting the work of R. H. Barnes * 
and others that the proteins of whole egg have a higher protein efficiency 
ratio for growing rats than any other naturally occurring protein, 
have compared the percentages of amino-acids in the proteins of various 
foodstuffs with those of egg protein. They propose a chemical score 
based on the percentage deficiency of the limiting essential amino- 
acid subtracted from 100. The essential amino-acid in greatest 
deficiency compared with egg protein is the limiting amino-acid. 

6 J. Biol. Chem. (1919), 37, 223. 


7 Nutr. Abstr. Rev. (1946-47), 16, 249. 
8 Cereal Chem. (1945), 22, 273. 
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Thus there is 54 per cent. less lysine in rice than in egg, the chemical 
score, therefore, is 44 (Table XI). 

Table XI gives numerical records of methods used for the assessment 
of the quality of proteins in foodstuffs. There is agreement in all 
methods of the high value of milk, eggs and other foods of animal 
origin, and among those of vegetable origin the proteins of soya bean 
flour hold a high place. 


TABLE XI 
Chemical and Biological Evaluation of Proteins for Growing Rats 


Digesti-| Bio- Net Protein | Chemi- 
Foodstuff bility | logical | Utilisa- | efficiency cal 
tion ratio score 


Limiting 
amino-acid 


Whole egg : 3:8 = 
Egg yolk . ; 
Beef 
Liver 
Kidney 
Pork 
Milk 
Cheese 
Wheat whole 
White bread 
Maize 
Rice 
Oats 
Millet 
Kaoliang . 
Peas 
Peanut : 
Soya bean flour . 
Soya beancurd . 
Potato 
Sweet potato 
Cabbage . Methionine 
Alfalfa leaf Methionine 
Cashew nut : — 
Coconut 
Sesame seed 
Yeast 





S-amino-acids * 
Isolenine 
S-amino-acids * 


Ppa 
OWOnIN 


S-amino-acids * 
Lysine 
Lysine 
Lysine 
Lysine 
Lysine 








Threonine 
S-amino-acids * 
Methionine 
S-amino-acids * 
S-amino-acids * 
S-amino-acids * 


Os et et Dt et 
WOOF ONNONOMN 


beagles 
hONN 





Lysine 
S-amino-acids * 


I | | 


So 
\o 




















* S-amino-acids = both cystine and methionine. 


Table XI is compiled from data collected in “* Proteins and Amino-acids in Nutrition,” 


by yee Sahyun, and by R. J. Block and H. H. Mitchell (1946), Nutr. Abstr. Rey., 


Supplementing 


The proteins of all naturally occurring foodstuffs contain a number 
of proteins of various amino-acid composition. Milk contains casein. 
lact-albumin and lacto-globulins: among the proteins of wheat are 
gliadin and gluten, and among those of maize are glutellin and zein. 

The proteins in each foodstuff have some supplementary action 
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among themselves by correcting in various degrees each other’s 
deficiencies in amino-acids. But supplementing also takes place 
among the proteins of different foodstuffs. The foodstuffs of animal 
origin well supplement those of vegetable origin, the net utilization of 
the proteins of milk and bread are respectively 86 and 42, but a com- 
bination of the two has a net utilization of about 97. The value of 
milk with a breakfast cereal is obvious from this. The cereals 
supplement each other, and the pulses have good supplementing 
values in cereal diets. There are reasons to believe that supplementa- 
tion is better between two foodstuffs when they are taken at the same 
meal than when they are taken at separate meals. Variety isa keynote 
of good dietary, and this applies to other nutrients as well as proteins. 


Theoretical Protein Requirement during Pregnancy and Lactation 


The hypothetical needs during pregnancy and lactation might be 
estimated from the increases in the amount of proteins built into the 
uterus, mammary glands and other tissues of the mother, into the 
foetus and adnexa, and needed for the quantity of milk secreted, but 
unfortunately the necessary data for such an estimation are far from 
complete. Standore and Pastore (1940) ® studied the changes in weight 
during pregnancy of nearly 3,000 American women, and found the 
average increase to be 14 kg. (31 Ib.) or about 24 per cent. of the weight 
before pregnancy. Water is stored in the body during pregnancy and 
this accounts for 2-3 kg. or more of the increased weight. A rough 
calculation, however, may be made as follows :— 

A woman weighing 60 kg. (132 Ib.) needs an expenditure for main- 
tenance of 2:8 gm. of nitrogen, this multiplied by 6-25 gives 17-5 gm. 
of protein. The foetus and adnexa contain on an average 100 gm. of 
nitrogen, most of this is in the form of protein and may be considered 
as 600 gm. of protein. The increase in the protein in the body is about 
800 gm. These amounts built up during the 270 days of pregnancy 
gives a mean daily amount of about 5 gm. of protein, which added to 
the maintenance needs of 17:5 gm. gives 22-5 gm. of protein daily. 

The amount of milk secreted by nursing mothers varies considerably, 
but an average of 0-8 litres daily may be taken for the purpose of 
estimating protein requirements. A mother’s milk contains about 
16 gm. of protein per litre, and therefore 16 x 0:8 = 13 gm. is the 
amount which must be synthesized. This added to maintenance 
requirements gives 17:5 + 13 — 30:5 gm. Thus there is a greater 

* Amer. J. Obstet. Gynec. (1940), 39, 928. 
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demand for proteins during lactation than during pregnancy; but 
some of this demand occurs during the later months of pregnancy when 
reserves are stored and the mammary glands hypertrophy for future 
lactation. No doubt can exist that a nursing mother needs a liberal 
supply of proteins, and some of these should come from milk and other 
comestibles of animal origin. 


The Effect of Cooking on Proteins 


Among the general effects of cooking is the softening of fibrous 
tissue and the dispersal of fats which allows the better penetration 
of the digestive juices into foodstuffs. But apart from these effects 
some proteins are made more digestible by re-arrangement of the 
amino-acids, for instance raw egg white is far less easily digested and 
absorbed than egg white coagulated by cooking. On the other hand 
the heat of roasting may lower the protein values, as occurs in the brown 
crust of bread which has lower digestive utilisation and biological 
value than the proteins of the interior of the loaf. There has been 
destruction in the crust of part of the lysine and possibly other amino- 
acids. Protein values may also be diminished by prolonged cooking 
or re-cooking of foodstuffs; but good culinary procedures are more 
likely to improve the digestibility of proteins than to lower it. 


Specific Dynamic Action of Proteins 


Proteins have a specific stimulating effect on the fasting metabolism, 
so that if, for each 100 calories basal metabolism, meat giving 100 
calories is consumed, the metabolism does not remain at 100 calories 
but rises by about 30 per cent. to 130 calories. Rubner called this the 
specific dynamic effect. It has been suggested that proteins are 
stimulants of metabolism in a pharmacodynamic sense, that is, they 
cause a greater breaking down and building up than is physiologically 
necessary. But a more probable explanation of the effect is that it is 
the heat produced during chemical reaction, such as when the amino- 
acids are converted into urea. There is also a low specific dynamic 
effect with carbohydrates (6 per cent.) and fats (4 per cent.); here, 
again, it is probably due to the heat from chemical action, such as 
when glucose is converted into glycogen. 

Very little is known about the specific dynamic action on the well- 
being of the body. There has been a tendency to condemn, without 


much supporting evidence, diets rich in proteins because of the specific 
dynamic action. 
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The Amount of Protein in Diets 

A study of the diets of various races shows that man can adapt 
himself to high or low protein diets; the former are taken by hunting 
and pastoral tribes, and the latter by the labouring classes of many 
densely populated tropical countries such as those of southern and 
eastern Asia. 

High Protein Diets. Some of the hill tribes of Asia, the Somalis, 
Masai, Eskimos, the Kinghiz and some of the Central and South 
American Indians are among those who have 200-300 gm. or more of 
protein in each adult’s daily diet. Many of these tribes have been 
extolled for fine physique, virility and capacity for endurance. The 
men of most of these tribes are undoubtedly well grown, but their 
capacity for endurance needs defining. They are able to undertake 
tasks calling for great vigour and effort over a few days or weeks, 
such as fighting, hunting or rounding up cattle, but these activities are 
followed by periods of prolonged rest; they cannot endure the un- 
remitting toil of the workers of an industrial or even agricultural 
civilization. It appears that proteins are unsuitable as the source of 
energy for prolonged work because of the effects of the products of 
their metabolism and possibly the specific dynamic action. 

Many ailments have been attributed to meat or diets rich in proteins, 
and among these are nephritis, arteriosclerosis and high blood pressure. 
But the evidence for this is lacking, and it is known that the Eskimos 
and other flesh-eating tribes are not particularly prone to these 
conditions. 

Low protein diets are mainly, though seldom entirely, vegetarian. 
The foodstuffs of animal origin can be cooked in more seductive ways 
than those of vegetable origin, and the great majority of people find 
that diets are unattractive which do not contain fish, meat or dairy 
products. The foodstuffs of animal origin are expensive, and conse- 
quently low protein diets occur mainly among the labouring classes 
in countries where the economic status is low. The children of these 
classes are not well-grown, vegetable proteins of low biological values 
may be one of the causes, but these diets have other defects than in 
protein values. 

Low protein diets have been advocated by a few scientists and 
others: the latter usually have dietary prejudices not acceptable to the 
majority, and among these are vegetarians. Therefore vegetarianism 


may be considered here. 7 
Vegetarianism. Among the religious tenets of Asia is one that no 
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animal life may be taken by man for any purpose; some Bhuddist 
sects extend this to the potential life within an egg. Devout followers 
of these religions have practiced vegetarianism long before it was 
thought of in any part of Europe or America. 

The term vegetarianism started to come into use in Britain in the 
first half of last century. In 1806, at a time when the wealthy of 
London were more addicted to gluttony than to moderation, a physician 
named Dr. Lambie gave up meat in all its forms to become a vegetarian. 
When his health improved greatly he fanatically claimed that his 
newly found food habits would cure all diseases, not hesitating to 
include cancer among them. He was followed by others of similar 
opinions, who established the first vegetarian society in 1847. 

True vegetarianism, in which all comestibles of animal origin includ- 
ing eggs and milk are excluded from the diet, may be good for men and 
women in the later decades of life when the metabolism of the body is 
slowing down. It is not a good type of diet for adults during their 
vigorous years of life, nor for growing children, nor for women during 
the period of maternity. In many parts of the world it is nearly 
impossible to prescribe a diet of local vegetable foodstuffs which is 
adequate nutritionally in respect of all nutrients. 

Apart from theoretical considerations the physically and mentally 
vigorous races of the world have not been vegetarians. 

There are, however, people who are called “ lacto-vegetarians,” 
and there is no doubt that a vegetarian diet adequately supplemented 
with milk, butter and cheese is beyond exception. 

What is here written about vegetarianism is written without prejudice 
to future possibilities of processing vegetable foodstuffs so that they 
have all the nutritive values of foodstuffs of animal origin. 

Dietary Allowances of Protein. See Chapter XV. 


CHAPTER III 
MINERALS: CALCIUM AND PHOSPHORUS 


TABLE XII gives the approximate percentages of the minerals present 
in the adult human body: 


TABLE XII 
Percentage Percentage 

Mineral in body Mineral in body 
Calcium : <i ilos) Magnesium . 20:05 
Phosphorus . 1-0 Iron : ; - 0-004 
Potassium 0:35 Manganese  . - 0-0003 
Sulphur 0-25 Copper . ; . 0-0001 
Sodium 0-15 Iodine . : - 0-00004 
Chlorine 0-15 


and there are traces of many others. 

The eleven elements named in Table XII together with cobalt and 
zinc have been proved to be essential for animal life. Fluorine may 
be needed for the healthy formation of skeletal structures. Other 
elements such as As, Al, Rb, Br, B, Si, Ba and Ni, which have been 
found in the body in trace amounts, may have physiological significance, 
or may be fortuitously in the body because they are commonly present 
in many foodstuffs, or have been breathed in with the dust of 
the air. 

The needs of the body for minerals may be summarized under three 
general headings: 

(1) They enter into the constitution of all tissues. In the case of 
bones and teeth they are present in large amounts for the purpose 
of giving hardness and rigidity. 

(2) They are present as soluble salts in all the fluids of the body, 
where they maintain osmotic pressure and solvent powers; they 
supply the necessary electrolytes for the actions of muscles and 
nerves; the acids and alkalis of the tissues and of the digestive 
and other secretions are compounds of them. 

(3) They have specific actions and are present in all enzyme systems. 

The mineral elements are not present in the human body in the 
same relative proportions at all ages of human life, and Table DLL 
shows these variations. 

1 J. Amer. med. Assoc. (1942), 120, 35. 


27 


28 TROPICAL NUTRITION AND DIETETICS 



























TABLE XIII 
Body Total f total 
weight ash Percentage of tota 
kg. gm. Ca Mg | Naj K | P| Chi S @ Tot 

Foetus, 7 months . 1:16 30 23 0-8 8) 1°7 Vries 1076 69 
Newborn . : 3-00 85 24 0-7 5 1465 a6 60 
Young adult - | 70-00 3,000 39 0-7 Z 4 
Middle-aged adult | 80-00 0:7 2 4 








Sodium Chloride 

Sodium chloride is the only salt which is widely used by mankind as 
a comestible in a more or less pure form obtained either as salt dried 
out of sea water or from deposits in mines. 

Salt as used in cooking and taken at meals is a condiment as well as 
being a nutrient, it stimulates salivary secretion and promotes digestion. 
All the other salts needed by the body are supplied in the food. 

The amount of salt within the body is quickly regulated by the 
kidneys which may excrete as little as 1 gm. a day or—provided they 
are healthy—as much as 40 gm. 

A healthy man excretes daily from 20 to 30 gm. of minerals in the 
urine, and the average of 25 gm. in 1,500 c.c. contain the following 
constituents :— 


Gm. Gm. 
Sodium chloride. . 150 Magnesium OS 
Potassium . : , 3:3 Calcium. ; 0-3 
Sulphuric acid : : 2:5 Other substances 0-2 
Phosphoric acid. . ? hs) Iron . : d 0-005 
Ammonia . : : 0:7 


There are also varying amounts of minerals excreted in the feces. 
Table XII shows that there is roughly 21 times more potassium than 
sodium in the human body, the proportion is much the same in all 
mammals. 

Sodium chloride or carbonate occurs mainly in the extracellular fluid 
in contrast to potassium salts which occur largely in the cells. 

The preponderance of potassium in plants is much greater; food- 
stuffs, such as grain and roots (unless grown on soils exceptionally 
rich in sodium salts), contain on a rough average about five times as 
much potassium as sodium. For reasons not fully understood, 
potassium salts taken in the food increase the amount of sodium salts 
passed in the urine. 

. The above facts show the need for salt (sodium chloride) by those 
living on diets containing much foodstuffs from vegetable sources, 
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Herbivorous animals likewise need salt, and seek mineral earths; and 
places where these are obtained are called salt licks, or they drink the 
muddy water of ponds or rock pools where during the dry season 
evaporation has concentrated the soluble salt. Carnivorous animals 
- do not require salt nor do they seek it, a sufficient supply is obtained 
from the bodies of their prey. Similarly, hunting and pastoral tribes 
who live on meat and milk need very little salt, some of them do not 
use it, and others use it only in small amounts. 

Sweating. Heat and work may cause a loss up to about 2 kg. 
(45 pints) of sweat per hour, containing 2 gm. sodium chloride. If 
much water free of salt is drunk severe cramps may occur. (But most 
cases of cramp are not due to depletion of salt.) Hard working 
labourers and those sweating heavily at games benefit by being supplied 
with drinking water to which salt has been added to the amount of 
0-5 per cent. or } oz. per gallon. 

In past ages some populations dwelling far from the sea may have 
suffered from a deficiency of salt, but with the advance of mechanical 
transport salt is brought cheaply to almost all mankind; but there are 
still tribes living in the interior of continents who obtain salt from 
mineral earths or even the ashes of plants rich in sodium. 


Potassium 
The requirements for potassium are amply met in all diets. 


Calcium and Phosphorus 


Because these two minerals are intimately connected in bone forma- 
tion and also in some physiological processes they will be considered 
together. Ninety-nine per cent. of the calcium of the body and 80 per 
cent. of the phosphorus are present in the bones and teeth. The 
formula CaCO,.nCa,(PO,),, in which 7 is between 2 and 3, roughly 
represents the compounds of these minerals in the skeleton. 

The amount of calcium in plasma of the blood is about 10 mg. per 
100 ml., with much less in the cells, it is the reverse with phosphorus, 
there is 4 mg. per 100 ml. of whole blood and more in cells. 


Tue EFFECTS ON ANIMALS OF DieTS DEFICIENT IN CALCIUM OR 
PHospHorus. As might be expected, many of the effects of a diet 
deficient in calcium are referable to the skeletal structures ; and most 
of the existing knowledge of this has been acquired from studies of 


deficiencies in animals. 
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When rats are supplied with insufficient calcium the most notable 
effect is a stunting of growth due to subnormal development of the 
skeleton. In one experiment twin brother rats were used, one was 
placed on a diet of wheat, meat and milk, and the other on wheat and 
meat only; the former grew normally, but the latter was stunted and 
had very poor development of the skeleton. The relative amount of 
calcium in the two diets was approximately as 100: 14. Rats on low 
calcium diets, especially when the Ca: P is very low, are not only 
stunted but the bones are soft and mis-shapen, and the various pro- 
portions of the bones of the skull are not the same as in normal rats. 

The ratio of the amount of calcium to phosphorus in the diet is 
more important for some animals than for others. The horse is 
particularly susceptible to a low Ca : P ratio in the fodder. A disease 
at one time called Miller’s disease, was first recognized among horses 
of millers who fed them on bran, which has a very low Ca : P ratio. 
The disease is now called osteoporosis, or osteodystrophia fibrosa, and 
is characterized by swollen and malformed bones which become very 
soft as the disease progresses, and leads to damaged joints and fractures. 
The disease occurs in several countries where a low calcium content 
of the soils is reflected in the fodders grown upon them. At one time 
horses could not be bred in Ceylon, except in a few areas, such as in 
the north of the island, where the soil lies on a miocene limestone; 
and most imported horses sooner or later developed osteoporosis and 
had to be destroyed. Some carefully planned experiments by Sturgess 
and Crawford ? showed that when the Ca: P ratio was lower than 
1: 5, horses developed this disease; and that the addition of bone 
meal to the horses’ diets was a successful preventive measure. 

Cattle, on the other hand, are very susceptible to a low phosphorus 
calcium ratio. Pica is the term used by veterinary surgeons for the 
manifestations of a depraved appetite such as earth eating or bone 
chewing by cattle, and it is considered a sign of some mineral deficiency. 
Sir Arnold Theiler made some brilliant deductions when investigating 
the cause of a South African cattle disease, known as Jamsiekte. He 
showed that the immediate cause of the disease is due to the toxins 
of the organism of botulism being absorbed from decaying bones chewed 
by cattle, the ultimate cause is a deficiency of phosphorus in the soil 
and hence in the fodders, leading to a phosphorus deficiency in cattle, 
and this induces the bone-chewing habit. A supply of phosphates 
placed in the drinking-water of the cattle resulted in the disappearance 


* Amin. Rep. Govt. Vet. Surg., Ceylon (1927). 
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of the pica and lamsiekte, and a great improvement in the general 
nutrition of the cattle. 

There are numerous interactions between the various constituents 
of a diet; and a deficiency of one may affect the availability of another. 
Experiments on rats have shown that the absorption and utilization 
of iron is to some extent dependent on calcium, and that when the 
latter is deficient in a diet more of the former is needed to prevent 
anemia. Other experiments have indicated that the biological value 
of the proteins in more or less vegetarian diets is markedly increased 
by the addition of calcium above the theoretical needs for growth and 
maintenance. If the indications of these experiments are applicable 
to the physiological economy of the human body, they are of great 
importance in respect of the diets of the masses of the tropics. 

The retention of lead in the body and its detrimental effects may be 
counteracted by excess of dietary calcium. 


THE EFFECTS ON HUMAN BEINGS OF DIETS DEFICIENT IN CALCIUM 
oR PHOsPHORUS. It must be confessed that the knowledge of the 
effects on human beings of deficiencies of these important minerals 
is very meagre indeed. Doubtless deficiencies of calcium or phos- 
phorus, or both, or an unsuitable ratio between them may determine 
the onset of rickets or osteomalacia and accentuate the deformities of 
the bones, but it has never been shown definitely that such deficiencies 
or an unsuitable ratio have ever caused these diseases when there has 
been an adequate supply of vitamin D in the diets. 

Growth. In many tropical countries the labouring classes are less in 
height and smaller in weight than the more favoured classes, and in 
most cases the calcium in their diets is much below the amounts 
recommended by present-day nutritionists. The bones of children, 
who had been living on calcium-deficient diets, have been found to be 
well formed, and to contain a normal amount of calcium. It appears 
probable that provided all other factors needed for growth, especially 
vitamin D, are adequately supplied, a deficiency of calcium or phos- 
phorus in children limits the size of the bones but does not lead to 
malformation. 

Decay of the teeth may possibly be caused by an inadequate supply of 
calcium (see p. 168). It has been suggested that one of the causes of 
convulsions occurring in infants fed on refined cereal paps may be due 


to calcium deficiency. . 
Pica among human beings has received less attention than it deserves, 
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for the eating of earthy substances is fairly common in many parts of 
the world, particularly among children and pregnant women. It may 
be accepted that it is a sign of mineral deficiency, and that where the 
supply of common salt is ample the deficiency is probably of calcium 
or phosphorus or both. It can be corrected in some cases by supplying 
compressed cakes of refined calcined bone meal. 


FACTORS LESSENING THE ABSORPTION OF CALCIUM. Firstly, a 
sufficiency of vitamin D (q.v.) is a necessity for the proper absorption 
of calcium from the alimentary tract and its maintenance in normal 
amounts in the blood; and secondly, there are interactions among 
the constituents of the food which may affect the absorption of calcium 
by the formation of insoluble calcium compounds: in this respect two 
substances have received much attention—namely, oxalic and phytic 
acids. 

All foodstuffs contain oxalic acid but in most cases in quantities 
insufficient to affect greatly the absorption of calcium, but there are 
some foodstuffs such as spinach, green plantain and rhubarb which 
contain sufficient oxalic acid to combine with a considerable amount 
of the calcium in a diet. Majumdar and De ® have analysed many 
Indian foodstuffs for their content of oxalic acid; Table XIV gives 
their results in approximate whole numbers, also they have carried 
out certain experiments with rats and have shown that the retention 
of calcium and magnesium by rats fed on different cereals varies with 
the amount of oxalic acid in the particular cereal. Thus the retention 
of calcium in rice was 87 per cent., whereas when the millet ragi 
(Eleusine coracana) was substituted for rice the retention was only 
43 per cent. (They do not appear to have taken into account the 
respective amounts of phytin in these cereals.) 


TABLE XIV 
Mgs. of Oxalic Acid per 100 gms, 
Rice : “ pos Potato . - be ib French beans 3 31 
Wheat . : bo a Colocasia root Ailes Spinach : : 660 
Maize . ; LO Beetroot ; =) 40 Rhubarb. - 15336 
Ragi ; : . 46 Carrot . : a6 Cashew nut ore 
Black gram. eos Green plantain . 520 Tea leaves . are PANS 
Soya bean : iL. Brinjal . : . 29 


Phytic acid consists of one molecule of inositol linked with SIX 
phosphorus acid radicles; it forms an insoluble complex with calcium, 
magnesium and iron called phytin. It is present in considerable 


* Indian J. med. Res., (1937), 25, 671. 
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amounts in many cereals, but is more or less confined to the outer 
coats of the grain, and therefore wholemeal flour and lightly milled 
rice contain relatively large quantities compared with refined white 
flour or highly milled rice. 

E. Mellanby* showed that oatmeal was rachitogenic for puppies; 
he suggested that this action was due to a substance for which he 
proposed the name “ foxamin,” and this was later proved to be 
phytin preventing the absorption of calcium. Krieger *® and his co- 
workers have shown that the phosphorus of phytates is available for 
rats, and also that the calcium of Ca phytate is nearly as available for 
these animals as the calcium of chalk under the conditions of their 
experiments and provided there is ample vitamin D supplied. 

A carnivorous animal, such as a dog, obtains its needed calcium 
from the bones and flesh it consumes; therefore it is not surprising 
that calcium combined in an insoluble form with the radicle phytic 
acid derived from vegetable matter is not available for a carnivorous 
animal, whose ancestors throughout the ages had never presented such 
a compound to their physiological economies. Rats, on the other 
hand, being omnivorous, have become adapted to the use of calcium 
phytate, probably because during past generations the food available 
for many of their forebears was grain containing much phytic acid. 

Ordinary white bread is made from flour of about 70 per cent. 
extraction, the germ and outer coats of the wheat grain is not included 
in this flour (see p. 208). Because of the circumstances of war, bread 
of 92 per cent. extraction became compulsory in Great Britain, and 
although the latter contains more calcium than the former, it also 
contains far more phytates. When it was proposed to counteract the 
effects of phytin by the addition of chalk (CaCO ) to this bread a 
voluminous disputation appeared upon the subject. 

McCance and Widdowson * showed by balance experiments on a 
number of volunteers that there was a much smaller percentage of 
calcium absorbed from wholemeal bread (92 per cent. extraction) than 
from white bread (70 per cent. extraction). The volunteers belonged 
to the well-fed classes of England, and therefore had sufficient stores 
of calcium to last during the experiment; in any case the circum- 
stances of the experiment did not produce the stresses needed for 
biological adaptation. The population of Great Britain obtains much 
of the necessary calcium from milk and cheese, where it is present in a 


4 J. Physiol. (1926), 61, 24. 
5 J, Nutrit. (1937), 20, 7 and 15. 
® J. Physiol. (1942), 101, 44. 
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very utilizable form ; with the rationing of these and the introduction 
of wholemeal bread the available supply of calcium was lowered, 
therefore the addition of chalk to the bread was probably justified for 
the population of Great Britain. 

When the insolubility of calcium phytate was first realised, insuffi- 
cient attention was paid to a second factor, namely, the existence of 
enzymes called phytase which break up the phytin. There is a con- 
siderable amount of phytase in wheat, less in barley and rye, still less 
in maize, and none in oats. Whilst bread is rising as a dough, and in 
the early stages of baking, the phytase destroys the phytin. The 
presence of phytin and absence of phytase explains the rachitogenic 
effect of oats. 

Now the diets of the great majority of the teeming masses of Asia 
contain far less calcium and more phytin than the war-time diets of 
Great Britain, and it may follow that the addition of some calcium 
salt to their diets is desirable. 

But there can be little doubt that many tropical races, whose more 
or less vegetarian diets are poor in calcium, have become adapted to 
using compounds of calcium which would not be readily available to 
better fed people. Walker, Fox and Irving’ ® of South Africa have 
shown by experimental human feeding that where phytin is increased 
in a diet it depresses the absorption of calcium, but in time there is 
adjustment and the loss of calcium is made good. 

Table XV gives in approximate whole numbers the phytin phosphorus 
as percentage of the total phosphorus present in some Indian food- 
stuffs as determined by Giri.® 


TABLE XV 
Phytin P Phytin P Phytin P 
per cent. : per cent. per cent. 
of total P of total P of total P 
Barley . : & OW Wheat (whole) 57.60 Soya bean. <r Ss 
Cambu millet . oe Wheat (75% ext.) . 48 Nuts. , ee 
Cholam millet . 60 Bengal gram . -, 00 Cashew nut . 730 
Maize . : TAY Black gram _ . 4 Coconut ; anos 
Ragi stor 0 Cow pea ‘ ye Roots, leaves, vegetables 
Rice parboiled et! Green gram . eed and fruit have negli- 
Rice highly Pea dried : eh! gible quantities of 
milled : ees Red gram : ix.) phytin. 


(Phytin is present to the extent of 2 per cent. in wheat bran and 8 per cent. in rice bran.) 


Magnesium forms an insoluble phytate, and although the affinity 
of calcium for phytic acid is a little greater, yet the two minerals share 


? Nature (1946), 157, 769. 
® Biochem. J. (1948), 42, 452. 
* Indian J. med. Res., (1937), 25, 869. 
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the acid fairly evenly between them and an increase of magnesium in 
the food will lead to a lessened formation of calcium phytate. 

Fatty Acids. Under certain digestive disturbances, such as in 
diarrhoea in infants and sprue in adults, calcium combines with fatty 
acids and much insoluble calcium soap may be found in the feces. 


FACTORS INCREASING THE ABSORPTION OF CALCIUM. Although most 
attention has been paid to substances which diminish the absorption 
of calcium, yet there are factors which aid the absorption of the mineral 
from the intestines, such as the organic acids of fruit and vegetables. 
The banana has been shown to improve the absorption of calcium in 
rats. This is one of the values in fruit juice for children. 

Calcium Phosphorus Ratio. The adult does not require as high a 
Ca : P ratio as the growing child, because when bone formation has 
ceased more phosphorus is required than calcium for metabolic and 
excretory purposes. The optimum Ca: P ratios for human beings 
is not known, possibly it is about 1 : 2 for children and 1 : 3 for 
adults, but in some countries the ratios in the diets in common use is 
1 : 5 or even lower. 


THE DETERMINATION OF CALCIUM REQUIREMENTS. Balance experi- 
ments are among the methods used in attempts to decide human 
requirements for calcium. Samples of all food prepared for consump- 
tion are analysed for the calcium content, and by weighing all the food 
before it is consumed the amount of calcium entering the alimentary 
tract is determined. The amount of calcium passed in the feces and 
urine is also determined. If the amount of calcium in the food is 
greater than the amount excreted, then some calcium, which has been 
absorbed from the alimentary tract, must have been stored in the body 
and the person is in positive balance; if, however, more is excreted than 
retained, the person is in negative balance. It may appear a simple 
matter to determine human requirements of calcium by balance 
experiments—the amount for a child of a particular age would be 
decided by the retention being just sufficient for good health and 
growth of a child of that age, and the needs of an adult would be 
considered to be the amount of calcium in the diet which just main- 
tained the calcium balance in the body with very little retention. But 
biological processes have fluctuations, compromises and adaptations, 
and hence balance experiments have many limitations and among 


these are:— 
3-2 
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(1) Fluctuations. An adult may be in a negative balance for a long 
period, such as a number of months, followed by a short period of 
heavy storage of calcium; or there may be day-to-day fluctuations. 

(2) Storage. Experiments with labelled calcium and phosphorus 
(isotopes) have shown that the bones are a store house for these ele- 
ments, and that they are being continually withdrawn and replaced. 
The walls of the cancellous spaces of the bones are well adapted for 
the storage of calcium, and in a well-fed person there is an ample 
supply always available, and changes in a diet by which a digestible 
form of calcium is replaced by a less digestible form may immediately 
be followed by a negative balance as the body takes the line of least 
resistance and falls back on the stores in the bones ready for its needs. 

(3) Biological adaptation may occur under stress, especially when 
small stresses have been present in many past generations, thus many 
tropical populations have become adapted to a low calcium intake. 
Balance experiments, carried out on well-fed persons, who are not 
subjected to stresses, such as depletion of the calcium reserves, are 
unlikely to be of great value for the determinations of the needs of the 
labouring classes of tropical populations. 


TABLE XVI 
Daily Calcium Retention needed by a Boy for Good Growth 















é Ca per kilo. Increase in Average daily 
Body weight; Ca in body | body weight Ca during retention of 
Age kg. gm. gm. previous year calcium 
gm. gm 

1 9-5 105 10-0 (20 . 

2 12-0 126 10-5 aD ice 

3 14-0 150 11-0 24 0-065 

4 15-5 180 11-5 30 0-082 

5 18-1 217 12:0 37 0-10 

6 20:2 253 12-5 37 0-10 

7 22°6 294 13-0 41 0-11 

8 25-0 338 13-5 44 0-12 

9 27:4 384 14:0 46 0-12 
10 30:6 437 14-5 53 0-14 
11 32:6 489 15-0 a 0-14 
12 34:8 539 15:5 50 0:13 
13 37:4 598 16-0 59 0-16 
14 41-7 4688 16:5 90 0-24 
15 46-6 792 17-0 104 0:28 
16 54-0 918 17-0 126 0:34 
17 59:4 1,010 17:0 92 0-25 
18 65-0 1,105 17-0 95 0:26 


























The first consideration for growth, pregnancy and lactation is the 


amount of calcium needed to be retained in the body if these processes 
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are to be healthily maintained. The amount of calcium laid down 
during growth can be determined approximately by drying and weighing 
the bones and teeth of skeletons of each sex and at each age of life and 
dividing the weights by four, about 25 per cent. of the weight of healthy 
dried bone being calcium. 

Table XVI?° is drawn up from a number of such determinations 
with male skeletons. 

The figures in Table XVI are probably much too low up to the 
second year of life. But from the age of three they do not greatly 
differ from other estimates. The following ™ are three estimates given 
for persons living under temperature climate conditions :— 


Daily average retention of calcium in mg. 


Age Age Age 

3 years 14 years 20 years 
Data of Shorl (1939) . F : , : 90 190 65 
Data of Mitchell and Curzon (1939). : 69 347 53 
Percentage increment data of Holmes . : 88 271 32 


The average weight of young working-class adults of tropical Asia 
is 50 and 44 kg. (110 and 96 lb.) for men and women respectively, 
and the amount of calcium in their skeletons is about 840 and 626 gm. 
respectively. The adults of the upper classes, however, are con- 
siderably heavier. Table XVI shows the calcium storage of a boy who 
reaches the weight of 65 kg. at the age of eighteen, this is far above 
the average weight for most tropical races. The skeleton increases in 
weight up to middle age to support the larger muscles, and a skeleton 
which contained 900 gm. of calcium at the age of twenty might contain 
1,100 gm. or more at the age of forty. The addition of 200 gm. of 
calcium to the body over a period of twenty years needs a daily retention 
of such minute amounts of calcium that it may be neglected when 
considering calcium requirements. 

The additional needs of calcium by a pregnant woman may be 
calculated from the additional calcium stored in the infant, placenta 
and for the increased weight which occurs with many mothers during 
pregnancy. The body of a healthy newborn infant of 7 Ib. contains 
less than 20 gm. of calcium, the amount in the placenta and increased 
flesh of the woman varies greatly, but 10 gm. is an ample allowance 
for these. 

Most of this 30 gm. of calcium is retained during the last five months 
of pregnancy, and this gives an average of 0-2 gm. daily. 


10 J, Nutrit. (1939), 18, 563. } 
11 For references see Nutr. Abstr. Rev. (1944), 14, £97. 
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A litre of human milk contains about 0-4 gm. of calcium, but the 
average lactating woman of tropical races does not produce as much as 
a litre of milk daily. 

Various estimates have been made of the amount of calcium needed 
in a diet to meet satisfactorily the requirements of the body at different 
ages and during pregnancy and lactation. These estimates have been 
made for the peoples of temperate climates who are of a more robust 
build than the inhabitants of the tropics, but for the conditions in the 
temperate climates these estimates appear unnecessarily high, and 
even if such quantities of calcium are optimum, which is doubtful, 
yet to recommend them for the masses of most tropical countries is 
economically impracticable unless the calcium is given in the form of 
a salt. 

The daily diet of the average adult of southern Asia has a value of 
about 2,400 calories and children of five and ten years consume diets 
of a value of about 900 and 1,800 calories respectively; the amount 
of calcium in the diets of these children is about 0-2 and 0-4 gm. respec- 
tively. However deficient such quantities of calcium may appear, the 
fact that the majority of children become adults shows that they make- 
shift to grow on these quantities. 

The Committee on Food and Nutrition of the United States National 
Research Council recommended 1 gm. of calcium daily for children 
from the time “‘ of weaning” to the age of ten years, and then an 
increase of 1-2 gm. and another increase to 1-4 gm. at the age of thirteen. 
An infant at the time of weaning is receiving a little less than 0-4 gm. 
from its mother’s milk, and it appears unnecessary to increase this to 
| gm. 

Table XVII gives suggested daily allowances for calcium; column I 
is the Author’s estimate of the amounts sufficient for most agricultural 
tropical races for good health, column II gives the recommendations 


of the Committee on Food and Nutrition of the United States National 
Research Council. 


TABLE XVII 
Column I Column IT 
(Author's) (U.S.N.R.C.) 
. gm. gm. 
Child 1 to 7 years : : : 0:5 1:0 
Pee ee PR ‘ P ; 0:75 1-0-1-2 
Adolescents 13-18. | - | 4 4 
Adults : : : : ; 0:5-0-7 0:8 
Pregnant women . ; , : 0:8 1:5 
Lactating women 1:0 2-0 
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The amount of phosphorus requirements is somewhat greater than 
that of calcium. 

Nature has liberally supplied calcium and phosphorus in the milks 
of all species of animals, and there is an interesting parallelism between 
this supply and the rate of growth of their young. Table XVIII records 
the fact that the infant grows less rapidly than the young of animals, 
and the quantities of calcium and other nutrients in the milks vary 
with the rate of growth of the sucklings. 


‘TABLE XVIII 


Relation of the Composition of Milks with the Rates of Growth 
(after Bunge and Abderhalden) 















Days required Percentage composition of milk 
Species to double 
birth-weight 
Protein Ash Calcium | Phosphorus 
Human 180 1:6 0-2 0-03 0-02 
Horse 60 2:0 0-4 0:09 0-06 
Cow 47 3°5 0:7 0:12 0-09 
Goat 22 3-7 0:78 0-14 0-18 
Sheep “ 15 49 0-84 0:18 0-11 
Dog . : ‘ 9 7:4 1-33 : 
Rabbits 4-4 2:50 ; 












A practical lesson to be learned from this is that the milk of cows 
or goats always contains a good supply of calcium and phosphorus 
for the growth of children. A pint of cow’s milk, containing about 
0-8 gm., incorporated in the daily diet will meet all calcium and phos- 
phorus requirements. 


CHAPTER IV 


MINERALS (contd.): IRON, COPPER, MAGNESIUM, SULPHUR, 
MANGANESE AND THE “ TRACE” ELEMENTS: 
ACID-BASE BALANCE 


Iron 


There is in the body of an average adult a little less than 3 gm. of 
iron; 70 per cent. of this is in the blood where it is an essential element 
for the formation of hemoglobin of the red blood corpuscles. Iron 
is also present in the chromatin and other substances of the cells of the 
body. 

Requirements for Iron. The fundamental fact concerning iron is 
that it is an element and is not used up or destroyed in the body as 
occurs with vitamins. It is present only in traces in the urine and bile, 
and therefore it is not needed for excretory purposes as is the case with 
calcium, phosphorus and some other elements. Further, the iron 
compounds, set free when decrepit red blood cells are broken up in 
the spleen, are retained and used again and again for the formation of 
young red blood cells in the bone marrow. It follows from this that 
the nutritional needs for iron are small and it is highly improbable that 
adult males ever suffer from anemia primarily due to a shortage of 
iron in their diets. 

Women must make good the blood lost at the menses and meet the 
requirements of pregnancy and lactation, therefore their needs are 
greater. Milk is not rich in iron, and to compensate for this the 
infant during the later months of pregnancy receives a store from its 
mother to last until the time of weaning. As this store of iron must be 
supplied by the mother she needs ample dietary iron during pregnancy. 
It is interesting to note that young guinea pigs which begin to eat leaf 
within twenty-four hours of birth are without a special store of iron. 

Children have needs for growth. During the first year of life there 
is a gain of nearly 50 gm. of hemoglobin in the blood (or about 0:18 
gm. of iron), the gain is far less during the next two years and by the’ 
fourth year is about 20 gm. of hemoglobin, and this amount. or’ 
slightly less, continues to be needed yearly until the ninth year when 
rapid growth sets in, and then requirements continue to rise, until 
during the seventeenth year the average adult boy gains nearly 100 gm. 
of hemoglobin (or about 0:35 gm. of iron), and thereafter there is a 
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fall as he passes from adolescence to manhood. Girls have slightly 
smaller requirements until the start of catamenia, when it is estimated 
they lose about 0-3 gm. of iron yearly, and this must be added to their 
requirements for growth. Graph I shows roughly the yearly increase 
in iron in the body of an average male during each year of growth. 
Much of the iron in some foodstuffs is contained in hematin-like 
compounds which pass unchanged through the intestines, and therefore 
the iron is not nutritionally available. Hill reported that nutritionally 
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Grapu I. Graph indicating yearly iron needs for growth. 


available iron will react with dipyridyl in contrast to the unavailable 
iron which will not. The foodstuff is digested for 2} hours, sodium 
hyposulphite is added to reduce the iron, and on the addition of 
dipyridyl a coloured compound of iron develops, and comparison 
-with a standard colour determines the amount of iron available. 
Hill’s method appears to be satisfactory for the determination of 
available iron in the experimental diets of rats; and may be applicable 


to human dietaries. 
The following amounts of iron in diets will amply meet human 
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requirements even when as much as 40 per cent. of the iron is not 
available. 


Age Mg. of iron 
Children 1-6 ‘ . . . 6 
é 7-12 : ; : : 10 
» 12-19 : , ; : 12 
Men . 5 ‘ ; E . 8 
Women ; : : : : 10 
~! during pregnancy : ‘ 18 
lactation F : 15 


”° ° 


’ 


What have been termed “iron deficiency anemias,” such as from 
chronic hemorrhages, hookworm infestation, etc., frequently arise 
when theoretically there appears to be ample iron in the diets for blood 


TABLE XIX 


Iron in Foodstuffs 
FOODSTUFFS OF ANIMAL ORIGIN: 


meg. mg. mg. mg. 
er 100 gm. per oz. per 100 gm. per oz. 
Fish : : : 1 0:3 Eggs . : : 2 0-6 
Meat ps 0-6 Egg yolk : A 8 273 
Chicken} . ; + 
Beef juices ; z 44 12:0 Milk (cow’s) . : 0:24 — 
Heart 4 1-2 Milk (human) 0-15 — 
Kidney [ : 
Liver. ‘ , | 2:0 Vegetable fruits: 
Drumsticks . : 5:0 1°5 
Cereals: Brinjal 
Wheat : 5-0 15 Ladies’ fingers 1-0 03 
White flour 1:0 0:3 Plantain (green) : 
Rice (unmilled) : 2:0 0:6 French beans 
Rice (highly milled) . 0-4 0-1 
Rice (parboiled 1:8 0:5 Leaves: 
Maize . ; a 1-0 Cabbage } 0-7 0-2 
Millets 6:0 1:7 Lettuce { 
Amaranth 
Pulses: Centella | 5-0 1-5 
Grams 8-0 2-3 Lasia ; to to 
Dhalls : ; Parsley f 20:0 6:0 
Spinach, etc. 
Roots: 
Potatoes | 1-0 0-3 Fruits: 
oa j ; : Soo Hee : ‘ 0-4 0-1 
umpkin ried fruits . . 
Gourds } ; ; 10 0:3 a a 
Nuts: 
Coconut 2 ; 0-4 0-1 
Other nuts 15 0:4 


regeneration. And these anemias may be readily curable by large 
doses of iron preparations which are out of all proportion to the 
theoretical requirements. Such doses for an adult as 5 gr. (0:3 gm.) 
of ferrous sulphate three times a day, or 20 gr. (1:3 gm.) of ferri et 
ammonium citrate three times a day are usually needed. The amount 
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of iron taken therapeutically in a few days may exceed the amount 
normally present in the body of an adult of average size (3 gm.). 

The Amount of Iron in Foodstuffs. This varies enormously even 
among different samples of the same foodstuff because to some extent 
the amount of iron in a plant is determined by the percentage of iron 
in the soil, for instance, the amount of iron in carrots may vary from 
0-2 mg. per cent. to as much as 9-0 mg. per cent. 

Consequently the amount of iron in foodstuffs can be given only as 
rough averages in analytical tables; and the determination of the 
amount of iron in any particular diet by the use of such tables is more 
or less valueless. 

Considered in terms of dry weight the richest sources of iron in the 
vegetable kingdom are green leaves, followed by fresh fruits and 
vegetables, and in the animal kingdom, beef juice and liver, followed 
by heart and kidney. 

Table XIX gives the average amounts of iron in various foodstuffs. 


Copper 


This mineral appears in the body as certain oxidases in the form of 
cu-protein compounds. Copper is necessary for the healthy formation 
of blood, a deficiency of it in animals leads to a macrocytic hyper- 
chromic anemia. Copper is present in the red blood corpuscles, 
but does not form part of the hemoglobin compound. Keilin and 
Mann ? isolated from the stroma of blood cells a blue crystalline cu- 
protein and named it hemocuprein. A similar compound occurs in 
the blood serum and the organs of the body; one isolated from the 
liver has been named hepatocuprein. 

The amount of copper in the blood is very small, ranging from 
110 wg. to 140 wg. per 100 ml. 

Much that is known concerning a deficiency of copper in the animal 
body has been learnt from the effects on cattle which have been kept on 
pastures where the copper of the herbage is only between I-4 parts per 
million on a dry basis, they suffer from anorexia, anemia, diarrhoea 
and emaciation. On such pastures newborn lambs develop “ sway- 
hack,” an ataxia due to changes in the spinal cord. These diseases 
can be prevented or cured by giving small doses of copper salts to the 
animals; or the pastures may be rendered safe by dressing them with 
copper salts. Lands where the grasses contain 6-8 p.p.m. on a dry 


1 Nature (1939), 143, 333. 
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basis are safe; there are pastures where the amount of copper in the 
dried fodder is as high as 35 p.p.m. 

Rats and rabbits fed on diets deficient in copper become anemic and 
there is loss of hair pigment (achromotrichia); this may be related to 
the action of tyrosinase—an enzyme containing copper; tyrosine being 
one of the precursors of melanin. 

Milk is deficient in this mineral, and both iron and copper are needed 
to cure the anemia of animals which have been fed on milk only. 

Children may become anzmic when they are weaned to milk and 
refined cereal diets. It is customary among some tribes for the infants 
to remain at the mothers’ breast for as long as two years, and they 
tend to become anemic. Anemia due to excessive milk in the diet 
beyond the usual age of weaning is quickly cured by the administration 
of both iron and copper. 

The daily requirements of copper are very small indeed, so that a 
deficiency of it is improbable except in milk-fed infants. Scoular 2 
carried out balance experiments with three young boys and came to 
the conclusion that their requirements were between 0-053 and 0-085 
mg. daily per kilogram of weight. There may be areas, however, 
where a more or less vegetarian population lives mainly on the produce 
from copper deficient soils. 

Table XX gives in round figures the average amount of copper in 
various classes of foodstuffs in countries where there is no marked 
deficiency of this mineral in the soil. 


TABLE XX 
Copper in Mg. per 100 gm. 
Cheese . - - 0:02-0:40 Banana 0:20 
Eggs ; : oe) Une Peebransiee 1-20 
Fish , : ; 0:20 Cereals. 0:78 
Liver (beef) : . 440 Chestnuts 0-60 
Liver (calves) . 2 PED Cocoa . 3-30 
Meats : : eS Coconut 0:70 
Milk : : - 0:02-0:35 Fruits . : 0-10 
Poultry. : a Oru Fruits (dried) 0-35 
Oysters. : ~ 3:00 Nuts . E 1:20 
Pul . : 

Vegetables: hes vp 
Fruits > 
Leaves + 0-10 
Roots 

Magnesium 


This mineral enters into some enzyme systems and is needed for 
excretory purposes, and in very small amounts for bone formation. 
* J. Nutrit. (1935), 16, 437. 
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Magnesium has interactions with other minerals, and calcium may be 
partly replaced by it in the secretion of urine. 

A deficiency of magnesium may be responsible for certain forms of 
tetany in calves and milk fever in cows. 

A case of tetany in a child has been described, it was relieved by 
the oral administration of 0-3 gm. of magnesium sulphate three times 
a day, the plasma magnesium rose from 0-6 to 2:6 mg. per 100 ml. 

It appears to be present in sufficient amounts in all usual human 
diets, but it has been suggested that some diets do not contain enough 
for the demands of pregnancy and lactation. 

The adult daily requirements have been estimated as low as 0-2 gm. 
and as high as 0-6 gm. 


Sulphur 


Although small amounts of sulphur are taken into the body in the 
form of sulphates, much the greater amount of this element in the 
tissues and excretions comes from the amino-acids cystine and 
methionine of the proteins of the food. The metabolism of sulphur and 
nitrogen runs parallel under normal conditions. The sulphur from 
broken-down proteins is oxidized and excreted in the urine as sulphates. 

When the protein supply is adequate in quantity and kind the 
sulphur requirements of the body will have been met. 


Manganese 

The necessity to animals of this element was first demonstrated by 
Orent and McCallum? in 1931. They showed that manganese- 
deficient rats became sterile with testicular degeneration, and females 
produced young which failed to survive. Manganese is also needed 
by animals for good growth and normal health. 

A curious condition of chicks, called perosis, may be produced by 
manganese deficiency; this is an osteodystrophy with enlargement of 
the tibial-metatarsal joint and twisting and bending of the bones, 
with slipping of the gastrocnemius tendon from its condyles, which 
results in severe crippling. It is strange that a similar perotic mal- 
formation occurs in deficiencies of cholin and biotin. Possibly there 
is a metabolic connection between the element and the two vitamins. 
Manganese is also essential for plants, fungi and certain bacteria. 

The element has been found to activate a number of enzymes such 


3 J, biol. Chem. (1931), 92, 651. 
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as the phosphatases of blood and bone, but other divalent ions, includ- 
ing iron, magnesium and cobalt, have a similar action, and may 
possibly be interchangeable with manganese in some enzyme systems. 

Manganese has never been shown to be deficient under natural 
conditions in the diet of animals or man. The element is present in 
the human body to the extent of 0-3 mg. per 100 gm., and it is present 
in most diets in considerably greater amounts than this. 


Trace Elements 


A number of elements have been loosely grouped as trace elements, 
because they occur in the body in very minute amounts. Some of 
them are of physiological importance, others are not. More know- 
ledge, however, is needed concerning most of them. They include 
iodine, cobalt, zinc, aluminium, fluorine, arsenic, silicon, boron and 
bromine. 

Iodine. This mineral is essential for the formation of thyroxin, 
the hormone of the thyroid gland. There are about 15 mg. of iodine 
in the thyroid of a healthy adult, and about 10 mg. are distributed 
through the rest of the body. 

Combined iodine is present in the rocks of the earth’s crust, and 
the traces in the soils are derived from these stores; the far larger 
amounts in sea water (than in most soils) have been leached from the 
rocks and carried down the rivers through zons of time. Fresh 
river water contains 0-5-2 micrograms per litre, similar figures for 
sea water are 17-50 micrograms. Consequently the products of the 
sea are far richer in iodine than the products of fresh water or of the 
land. A deficiency of iodine occurs in some inland localities in the 
United States, Europe and other parts of the world, and is due to a 
shortage in the soils being reflected in the products of them and the 
drinking water. Goitre in adults and cretinism in children may be 
due to this deficiency. But not all goitres are due to iodine deficiency, 
some waters are goitrigenous even to persons receiving a sufficiency of 
iodine, and the reason of this is not known. 

It is recorded * that the people of Charleston, U.S.A., were free 
from goitre until 1900 when the crude salt from salt wells, which 
they were accustomed to use, was replaced by highly refined Salt, 
and thereafter many of the school girls showed enlarged thyroids. 


To prevent goitre iodine has been added to table salt in the proportion 
of 1 in 50,000. 


* Sherman, H. C. (1946), “Chemistry of Food and Nutrition,” p. 318. 
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Von Fellenberg has estimated that the normal human adult required 
about 0-014 mg. of iodine daily; but Orr and Leitch place the require- 
ments at the much higher figure of 0-045 mg. 

The commercial salt most widely used in tropical and sub-tropical 
countries is obtained from sea water. This is prepared in desert parts, 
or where there are long dry seasons. Shallow parts of lagoons are 
isolated by bunds, or flat land surfaces are flooded with sea water, and 
evaporation under the heat of the sun causes the greater part of the 
salt in the water to be deposited in a few weeks. Sea salt contains 
other minerals besides sodium chloride, and is better for general use 
than many refined salts sold in the market. Some of the iodine is 
lost during the evaporation of sea water, but it is present in most 
samples in sufficient amount to be a valuable addition to the iodine 
obtainable from foodstuffs. 

Many seaweeds are particularly rich in iodine, some of the kelps 
(Laminaria) contain as much as | part per 1,000. But a more usual 
amount is about 2 parts per million, as is present in Gelidium rigidum, 
which is sold in the markets of the East (see p. 299). 

The amounts of iodine in foods vary with the amounts in the soil, 
The following gives the wide variations for a few groups of foodstuffs. 


p.p. million p.p. million 
Cereals . - . 0-01-0:2 Sea fish : ; . 0:3-5-0 
Vegetables : .  0-05-1:0 Sea crustaceans and 
River fish : .  0-01-0-2 shellfish  . ; . 10-5:0 


Cobalt. The knowledge of the physiological need of cobalt has 
come from a cattle disease, characterized by emaciation and terminal 
anemia, and called by various names in different parts of the world— 
“Denmark disease’ in Western Australia, ‘‘ bush sickness” in New 
Zealand, “‘ salt sick ” in Florida, “ pine ” in Scotland and “ nakuruitis ”’ 
in Kenya. 

Investigations extending over a number of years have shown that in 
all affected localities the disease is preventable and curable by the 
administration of minute doses of cobalt; also dressing the land with 
1 lb. of cobalt salts per acre will successfully banish the disease. The 
grasses of unhealthy pastures contain only 0-01-0-07 p.p.m. of cobalt 
on a dry basis, whereas the figures for healthy pastures are 0:07-0:30 
p.p.m. The soils on which sound grasses grow contain about 2 p.p.m. 
cobalt. Both cattle and sheep may be affected and the disease can be 
cured by the small doses of 0-3 mg. and 0-1 mg. daily, respectively. 

Horses have been grazed on these unhealthy lands without showing 
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signs of being affected, whether horses need cobalt in smaller quantities 
than cattle or do not need it at all has yet to be discovered. 

Much light has been thrown upon the need for cobalt since Lester 
Smith ® and others have shown that an essential anti-anemia factor 
in the liver contains 4 per cent. of cobalt within the molecule (see 
Vitamin Bo, p. 112). 

Zinc. In 1934, Todd, Elvehjem and Hart * showed that zinc was 
essential for the rat. When young rats are fed on diets deficient in 
zinc, the growth is retarded, dermatitis and alopecia appear, wasting 
sets in and death may take place in six weeks or later. Some of 
the rats show vascularization of the cornea, similar to that believed 
to be due to riboflavin deficiency (see p. 143). This element enters into 
carbonic-anhydrase and other enzyme systems as Zn-protein compounds. 

Zinc occurs in the animal body in quantities comparable with those 
of iron; in the case of milk it is present in somewhat larger amounts, 
namely 0:25-0:35 mg. per 100 gm. 

Aluminium. This mineral is probably not nutritionally essential, 
It has received much attention since aluminium vessels have come 
into general use for cooking. Neutral foods cooked in aluminium 
vessels absorb negligible amounts, but acid foods and those cooked 
with baking-powder take up small quantities of the metal, but only a 
very small percentage of aluminium which reaches the alimentary 
tract is absorbed. It may be concluded that the use of aluminium 
cooking vessels is not a hazard to health. 

Arsenic. This mineral may or may not be a physiologically essential 
element, the evidence is inconclusive. But there may be circum- 
stances when it is needed for good health, for instance, in one experiment 
't was shown to prevent selenious intoxication, where the addition of 
5 p.p.m. to the drinking water of rats on diets containing 15 p.p.m. of 
selenium in the form of wheat grown on seleniferous soil gave complete 
protection against damage to the liver. 

There appear to be many interactions between the “ trace” metals 
copper, cobalt, zinc and arsenic, and they may be able to replace one 
another in some enzyme systems. 

Bromine. There is no evidence that bromine is needed nutritionally 
although it is present in all foodstuffs. Table salt may contain as much 
as 1 mg. of bromine per gm. of chlorine. 

Boron. This is essential for plants; and although it is present in 


® Nature (1948), 162, 144. 
° Am. J. Physiol., (1934), 107, 146. 
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trace amounts in the bodies of animals, in milk and eggs, it has never 
been proved to be essential for animals. 

Silicon. This may be needed for the healthy formation of the 
skeleton and the enamel of teeth. An abundant supply is always 
taken in with the food. 

Fluorine. This mineral occurs in the teeth and skeleton to the 
extent of 0-02—0-05 per cent., forming a compound with phosphate of 
lime. Cox’ and his associates reported in 1939 that fluorides inhibit 
dental caries. Fin and Hodge ® confirmed this by experiments with 
rats. Fluorine, however, can produce pathological effects in the 
teeth and bones (see Chapter XIX). The margin between a desirable 
amount of fluorine in water or food, and an amount which will produce 
pathological fluorosis is small, so that the administration of fluorine 
is not indicated. 

Selenium and Molybdenum are important because they may be 
present in poisonous amounts in foodstuffs grown on certain soils (see 
Chapter XIX). 


Acid-base Balance 


The reaction of the body fluids varies within narrow limits. Acids 
are produced by the katabolic processes of the body, they are mainly 
the weak carbonic acid and the strong sulphuric acid, the latter is 
produced by the oxidation of the sulphur of proteins. The tissues 
must be protected against these, and this is done by the balance affected 
by three buffer systems :— 

(1) The alkaline-acid carbonate pairs NaHCO, :H,CO; where 

excessive carbonic acid is excreted by the lungs. 

(2) The alkaline-acid phosphate pairs K,HPO, : KH.PO, SExcess 

of one or other is excreted by the kidneys. 

(3) The basic amino and acid carboxyl groups of the proteins. In 

this case ammonia derived from the amino-acids plays a part. 

These systems are well adapted to correct small variations in the 
reaction of the tissues. There are two factors in ordinary human diets 
which affect these systems; firstly, the relative amounts of the bases— 
sodium, potassium, calcium and magnesium, and the acids—phosphate, 
chloride and to a less extent sulphate—in the food; and secondly, the 
amount of certain organic acids, such as citric, in fruits and vegetables 
which are oxidized to alkaline carbonates in the body. 


7 J. Dent. Res. (1939), 18, 481. 
8 J. Nutrit. (1941), 22, 255. 
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When the acids in a food predominate over the bases it is designated 
an acidic-ash food, or an alkaline-ash food when the bases predominate. 

The acid- or base-forming capacity of a food is determined by 
titrating the ash against normal NaOH or HCl and recording the 
result in millilitres required for neutralizing 100 gm. of ash. 

Table XXI gives in approximate whole numbers the acidity or 
alkalinity of some acidic-ash and alkalinic-ash foods respectively. 


TABLE XXI 
Acidic-ash Foods 
Degree of Degree of 
Animal origin acidity Vegetabie origin acidity 
Eggs : ; ; | Bread . : : : 7 
Fish , : - . 10-17 Maize . : : : 6 
Meats . ; P . 12-17 Oatmeal : " ers 
Oysters . : : SU Peanuts : : : 4 
Rice . , F : 8 
Wheat . : ; A 10 
Alkaline-ash Foods 

Degree of Degree of 

alkalinity alkalinity 
Milk . ‘ . ; p Lemon juice . 4 
Apples . ; - 2 4 Olives . : 47 
Apricots g ; : 7 Onions . 1 
Bananas : : : 6 Oranges 6 
Beans (dried) . : . 18-40 Peas (dried) ne 
Beans. ; : ‘ 5 Pineapple 7 
Cabbage ; : , 4 Potatoes 7 
Carrots . , é alo Potatoes, sweet Tf 
Chestnuts : ; : 7 Pumpkins 2 
Cucumber : - : 8 Spinach 27 
Dates. ‘ : 2g a Tomatoes 6 


Table XXI shows that all foods of animal origin, except milk, have 
acidic ashes, and it might appear that carnivorous animals and hunting 
tribes would have difficulty in maintaining the normal alkalinity of their 
blood; but the adaptability of the body to “acid” or “ alkaline ” 
diets is considerable, provided there is a sufficiency of carbonates and 
phosphates in the diet, and carnivorous animals obtain an ample supply 
of these from bones. 

The actual acidity of a food is no criterion of its reaction values, 
as already mentioned the organic acids of fruits become alkalis in the 
body. The acidity of a fruit such as a sour orange is due to citric and 
other organic acids. Some fruits contain benzoic acid, and this is not 
changed to alkalies (see p. 260). 


CHAPTER V 
VITAMINS: HISTORY, ANIMAL EXPERIMENTS, ETC. 


CERTAIN substances, unrelated chemically, which are not proteins, 
carbohydrates, fats or minerals, and which are present in minute 
amounts in most foodstuffs and are necessary for growth and health, 
have been called accessory food factors or more commonly vitamins. 
Their functions are to take part in various metabolic processes of the 
body. 


History 


The discovery of the vitamins is typical of other scientific discoveries. 
It started with vague surmises and gropings in the dark until a few 
salient facts were well established and formed a needed foundation for 
work in laboratories. 

A notable date in respect of diseases, now known to be due to the 
consumption of diets deficient in vitamins or other nutrients, was 
1753, when Capt. James Lind published his famous “ Treatise of the 
Scurvy.” Lind made no great discoveries, but recorded with full 
references most of the known history of the disease up to his time, 
rationalized its diagnosis, urged that the disease was not an infection 
but was associated with diets confined to long stored, salted or dried 
foodstuffs and could be prevented or cured by fresh vegetables, fruits 
and herbs, particularly the citrus fruits. Lind deserves our attention; 
there is much in his book which is of value at the present day. 

Lind stated that the first recorded outbreak of scurvy at sea was by 
H. L. de Castanneda ! in reference to the great voyage in 1497 of Vasco 
de Gama round the Cape of Good Hope to the East Indies when 
“above a 100 of his men out of a number of 160 dying of this dis- 
temper.” Lind ? refers to the experiences of Jacques Cartier on his 
second voyage to Newfoundland (1535): “ This infection spread so 
about the middle of February that of a 110 people there were not 10 
whole.” Twenty-five men died, and many appeared beyond recovery 
when on the advice of Red Indians a decoction of bark and pine 
needles was given to the men. “The tree in their language is ameda 
or banneda; by a decoction of the bark and leaves of which they were 


1 Lind, ‘* A Treatise on Scurvy ” (1753), p. 349 (Second edition, 1757). 
2 [hid., p. 199. 
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all perfectly recovered in a short time.’ Lind * believed the tree to 
have been “the large swampy American spruce tree.” Decoctions 
from the spiny leaves of spruce trees were much used at that time by 
the Russians for the prevention of scurvy. Lind * notes that Ronsseus 
writing in 1564—nearly 200 years before Lind’s treatise—had related 
that the Dutch seamen on their return voyages from Spain cured or 
warded off scurvy by the use of citrus fruit, particularly oranges, which 
were easily obtainable in Spain. 

Other evidence of the curative value of citrus fruits brought forward 
by Lind * was the action of Capt. James Lancaster on his voyage to 
the East Indies in 1591 when he took with him bottles of lemon juice 
for the prevention of scurvy. He had a fleet of four ships and after 
being at.sea for 4 months he was called to the assistance of the crews 
of the three ships on which no stores of lemon juice had been taken— 
‘* they could scarcely man the ships because of the scurvy.” The crew 
of Lancaster’s ship, however, remained in a fair state of health. 

When introducing the subject of scurvy and pointing out the appalling 
ravishes of the disease, he refers to Sir Richard Hawkins who more 
than 150 years previously (1593) had stated that during 20 years’ experi- 
ences he knew of 10,000 mariners destroyed by the scurvy. Lind 
might also have mentioned that Hawkins ° had found “ souer oranges 
and lemmons ” curative. 

The first reference to scurvy on land is by the historian Olaus Magnus 
(1555) who wrote of the disease raging in besieged towns. Nearly 
200 years later (1734) J. F. Backstrom of Holland recorded 5,000 to 
6,000 deaths from scurvy in the town of Thorn, when it was blockaded 
by the Swedes, but the spread of the malady ended with the siege, 
when vegetables and greens were brought to the town. 

These and other authors quoted by Lind mention the curative values 
of fresh vegetables, fruits and green herbs; and among those appearing 
in the pages of Lind’s treatise are: citrus fruits, currants and apples: 
salads of lettuce, garden cress (Lepidium sativum), endive (Cichoreum 
endivia), water cress (Nasturtium officinalis) and dandelion (Taraxacum 
officinale); vegetables include cabbage, celery, colewort, leeks, onions, 
French beans and cabbages pickled with salt; decoctions and tinctures 
of scurvy grass (Cocklearia officinalis), brooklime (Veronica), sorrel 
(Rumex), pine needles, fumitory (Corydalis) and pilewort (Chelidonium 

3 Ibid., pp. 222 and 350-1. 
* Ibid., p. 205. 


®° [bid., p. 199. 
* Hawkins’ Voyages (1874), Hakluyt Society, p. 141. 
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minus); beverages include cyder and spruce beer. Analyses in recent 
times have shown that all of these contain various amounts of different 
vitamins, and some of them are particularly rich in vitamin C. 

When referring to the citrus fruits Lind’ writes: ‘‘ But these fruits 
have this peculiar advantage above anything that can be proposed 
for trial, that their experienced virtues have stood the test of near 
200 years.” 

It was the same then as it is to-day: there was knowledge long 
before there was general application of it. 

Although there was wide acceptance that scurvy could be prevented 
by many fresh fruits and vegetables, yet the disease continued to take a 
heavy toll of lives on land and sea. There were a number of reasons 
for this. In the first place there was confusion as to what exactly 
constituted scurvy. The primary signs accepted by many authors were 
swollen gums, bleeding on slight pressure, hemorrhagic spots on the 
skin, particularly on the skin of the legs, edema of the legs, and delayed 
healing of wounds with the formation of ‘‘ proud flesh.” Without 
the first and one or more of the other signs Lind considered that a 
diagnosis of scurvy should not be made. Years earlier Hawkins § had 
stated: ‘‘ The signs to know this disease in the beginning are divers: 
by swelling of the gummes, by denting of the flesh of the legs with a 
man’s finger, the pit remaining without filling up in a good space.” 

In recent times, as knowledge of the vitamins was unfolded, the 
tendency was to look on each deficiency disease as due to a single 
deficiency; which later changed to a realization that a poor diet is 
seldom, if ever, deficient in one respect only. Scurvy was believed 
to be mainly, if not entirely, due to a deficiency of vitamin C. It is 
certain that many of the signs of scurvy as recorded by the authors of 
the past are due to more than a single dietary deficiency. The hemor- 
rhagic spots and the bleeding gums were due mainly to a deficiency 
of vitamin C, but the cedema and other signs described by past observers 
arose from other deficiencies in the diets as might well be expected 
from salted or dried foodstuffs corrupted during long storage. 

Lind goes early to the attack and in his first chapter particularly 
castigates Severinus Eugalenus (1604) for including under the term 
scurvy, or the scorbutic diathesis, many diseases, even fevers, which 
were of quite a different nature. Noted physicians of the past, such as 
Thomas Willis and Sydenham, came under his criticism for similar 


7 Lind, ‘‘ A Treatise on Scurvy ” (1753), p. 204 (Second edition, 1757). 
® Hawkins’ Voyages (1874). Hakluyt Society, p. 138. 
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shortcomings. It is probable that Lind tried to make the matter too 
simple, and that there were many, more or less allied syndromes, due to 
various combinations of dietary defects. 

Lind pays particular attention to the evil conditions under which 
seamen lived—the exposure to cold, long hours of work unceasing in 
bad weather, damp quarters often with water soaked bedding, and the 
corruption which took place in the stored food—putrid beef, rancid 
pork, weevil infected and mouldy biscuits and flour. He considered 
that fevers and other diseases increased the liability to scurvy. 

When Bachstrom wrote: “‘ that health and life cannot be preserved 
long without the use of green herbage, vegetables and fruit,’ Lind 
took issue with him, because he believed the absence of fresh foodstuff 
from the diets was the predisposing cause and the stresses of life were 
the actual causes. We view it at the present day differently to both 
of them. The Eskimo may live on flesh alone, and pastoral tribes on 
milk and meat, the vitamins are found in all fresh food, though in 
many cases not in good quantities. The deficiencies or imbalances 
of nutrients are the primary causes of most of the signs and symptoms 
of malnutrition, but the stresses of life determine the onset in many 
cases. 

Some of the authors mentioned by Lind affirmed that officers and 
petty officers were seldom attacked by scurvy. This was a sound 
argument against the infectious nature of scurvy. The officers, and 
to some extent the petty officers, would have been able, when in port, 
to obtain much better diets than the seamen, and store within their 
bodies a reserve of vitamins. It has been shown in recent years that 
men who have been well fed can live for more than 4 months on diets 
lacking vitamin C before they show signs of scurvy (see p. 151). The 
officers were better fed on board the ships, live sheep and fowls were 
carried to supply their table: whilst hard biscuit, infested with weevils, 
was issued to the men, bread, risen by yeast, was baked two or three 
times a week for the officers. Cyders and wines, having some small 
protective values, were used by them. Lind ® writes: “I have known 
several captains, who by carrying boxes filled with earth, which stood 
in their quarter galleries, were supplied with wholesome salad (of 
cress) after being some months out of harbour... . Such seeds 
(cress seeds) will likewise grow in wet cotton. . . .” 

Analyses, done in recent times, have shown that vitamin C and 
other vitamins are produced in sprouting seeds (see p. 226): and these 


* Lind, ‘* A Treatise on Scurvy ’’ (1753), p. 349 (Second Edition, 1757). 
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have been recommended in recent years as though the values had been 
newly discovered. Further the officers were better clothed, had better 
quarters, and only in times of emergency were called to the hard labour 
of the men. 

After the publication of Lind’s book 50 years elapsed before the 
British Admiralty issued and enforced the daily use of lime or lemon 
juice in the British Navy. Following this, scurvy became a rarity at 
the Haslar Naval Hospital where previously several hundred patients 
with the disease had been admitted yearly. There is, however, evidence 
that the lemon juice was sometimes valueless, being overheated during 
concentration by evaporation. Many changes in sea travel played a 
part in reducing the incidence of scurvy: the ships had become faster 
making the voyages shorter and many ports had been established, 
such as at Cape Town, where fresh meat and vegetables were available 
for the victualling of ships. 

The British Board of Trade did not adopt the regulation concerning 
citrus juice until the year 1865. The issue of a ration of lime or lemon 
juice in British ships appeared an amusing custom to Americans, 
who thought rum a better beverage for tough sailors, so they nick- 
named British seamen ‘“ limies,’”’ a word still used for Britishers in 
many parts of America. 

The history of beriberi, another disease due to vitamin deficiency, 
is next in importance for the part it has played in the discovery of the 
vitamins. Beriberi is a neuritis which may lead to crippling paralysis. 
When mills driven by steam were introduced into the countries of the 
Far East this disease became prevalent (see p. 139). 

Part of the history of beriberi is another tale of the sea. When the 
Japanese were building up a navy on European lines they were 
greatly troubled by outbreaks of beriberi among the crews of their 
ships. 

Takaki, a naval surgeon, studied the comparative conditions on 
British and Japanese ships; the disease did not occur in the former, 
and he came to the conclusion that the principal difference was in the 
diets. The training naval ship Rinjio returned to Japan in 1881 from 
a voyage round the world, and out of a total complement of 376 officers 
and men there had been 169 cases of beriberi with 25 deaths. In 1882 
the naval authorities of Japan allowed Takaki, a comparatively young 
man, to ration the ship Taukuba more or less on British lines and sent 
it on exactly the same world voyage which had been completed by the 
Rinjio. Only 14 of the crew of the Taukuba acquired beriberi, and it is 
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stated that these men had failed to eat the allowance of the foods 
new to them. Takaki had included meat in the rations and had 
replaced much of the rice by other cereals, mainly barley. Takaki’s 
new diet was adopted throughout the Japanese Navy, and the result 
was that soon beriberi no longer occurred. Table XXII shows the 
number of cases before and after the work of Takaki. 


TABLE XXII 


Result of Changing the Rations in the Japanese Navy 


1878 1879 1884 1885 1886 1887 1888 
Number of cases of beriberi 1,485 1,979 718 41 3 0 0 
Percentage of all seamen . 33 39 13 0:6 — 0 0 


These results did not clarify the matter at the time. There were 
two reasons for this: firstly, Takaki believed that the outbreaks of 
beriberi were due to protein deficiency; and secondly, there was a 
widespread belief that beriberi was due to some infection. The vagaries 
of infection may be used to explain any figures. 

The next step was taken by Eijkman (1897), who had medical charge 
of a prison in the Dutch East Indies. Beriberi occurred among the 
prisoners and he noticed that some of the fowls kept in the prison 
yard and living almost exclusively on waste rice from the prisoners’ 
diets showed signs of polyneuritis. This led him to carry out feeding 
experiments, and he soon discovered that when the diets of fowls were 
confined to milled rice they developed polyneuritis. Eijkman’s 
publications started work in other countries. 

In 1907 W. L. Braddon pointed out that beriberi occurred among 
the Chinese and others who ate white rice from the mills, whereas 
Malays who pounded their rice, as their fathers had done before them, 
and the Tamils, who ate parboiled rice, escaped. Fraser, Stanton and 
Fletcher about the same time showed that the bran, removed from the 
rice during milling, contained something which will cure or prevent 
beriberi in human beings. 

Rickets is another disease which has played a part in the discovery 
of the accessory food factors. Towards the end of last century there 
was a growing opinion that rickets was due to faulty diets, and Cheadle 
stated in “* Artificial Feeding of Infants,” published in 1889: “ rickets is 
produced as certainly by a rachitic diet as scurvy is by a scorbutic diet.” 
It was recognized a few years later that cod-liver oil had curative 
properties in the treatment of rickets. But, as might be expected from 
the chemical analysis of bones, most attention was directed to the 
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calcium and phosphates in the food, and it was not realized until more 
recent times that the utilization of these for healthy growth depended 
upon another factor, namely a vitamin. 


Animal Experiments 


Whilst the clinical observers were slowly advancing in knowledge, 
many animal experiments were being done by physiologists. In 1881 
Lunin,!° a pupil of Professor Bunge of Basle, showed that mice could 
not survive on diets of purified fats, carbohydrates, proteins, salts 
and water, and he concluded that, apart from these known constituents, 
natural foods contain “‘ unknown substances essential for life.” Stepp 
attacked the problem in another way: he extracted bread and milk 
thoroughly with alcohol and ether, and fed the residue to mice, but 
they wasted and died; when, however, other mice were fed on the 
residue to which the extracted matter had been returned, they thrived. 
Stepp therefore argued with reason that bread and milk contained 
unknown alcohol or ether soluble substances essential for life. 

The Dutch physiologist, Pekelharing, experimenting with mice, 
likewise found that they died on a mixture of all the purified known 
constituents of diets, but he discovered also that the addition of very 
small quantities of milk or whey to the diets would enable the mice to 
survive, and he concluded in a publication in 1905,1 “that there is 
still an unknown substance in milk which even in very small quantities 
is of paramount importance to nutrition.” 

Eijkman had discovered that the filtered extract of rice millings 
would prevent or cure polyneuritis in fowls. One of his colleagues 
named Grijns 12 suggested in 1901 that beriberi followed the use of 
diets which “ lacked certain substances of importance in the metabolism 
of the central nervous system.” 

Beriberi was common at one time among the crews of Norwegian 
timber ships, and two scientists named Holst and Frolich,!* working 
in Oslo in 1907 carried out experiments on guinea-pigs in an attempt to 
produce that disease; they failed, but the guinea-pigs fell sick of a 
disease which had some of the characteristics of scurvy in man. Thus 
having discovered, more or less accidentally, a method of producing 
scurvy in guinea-pigs, they abandoned the question of beriberi and 


10 Hoppe-Seyl. Z. (1881), 5, Syl 

11 Ned. Tydschr. Geneesk. (1905), 70, Li 
12 Geneesk. Tydschr. Ned. Ind. (1901), 41, a 
13 J, Hyg. Camb. (1907), 7, 634, 
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investigated the curative and preventive effects of many foodstuffs on 
scurvy. Also they did important work determining the effects of drying 
and storage on the anti-scorbutic factor in foods. 

There were a number of criticisms of these early researches, such 
as that the diets of purified substances given to the animals were too 
monotonous and became distasteful, so that the animals allowed 
themselves to starve, or that the chemicals used for the purification 
had deleterious effects on the foods and led to poisoning or rendered 
the foods unsuitable for nutrition. 

Sir Gowland Hopkins 14 in 1912 recorded a series of well-planned 





50 days. 


o Artificial diet. : 
@ Artificial diet + milk. 


GRAPH 2. Hopkin’s graph of growth curves of rats. 


feeding experiments on rats. Graph 2 summarizes his results; the 
left-hand curve shows that young rats on a diet of purified proteins, 
carbohydrates, fats and salts together with a little milk (2 ml.) grew 
well, but when after the third week the diet was given without the milk, 
growth gradually ceased and was followed by wasting. The right- 
hand curve shows that other young rats were on the purified diets 
without the milk for three weeks and did not grow, but when milk 
(2 ml.) was added to the diet it was soon followed by good growth. 
He found that not only milk but also extracts of yeast promoted 
growth when given in astonishingly small amounts. 

These experiments have become famous, although they were little 


14 J. Physiol. (1912), 44, 425. 
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more than a repetition of the experiments of Lunin, Stepp and Pekel- 
haring, but the time was ripe for general acceptance of the existence of 


accessory food factors, and Hopkins had a well-earned great reputation 
as a biochemist. 


The Origin of the Word “ Vitamin ” 


In 1912 Casimir Funk, a Polish biochemist, was attempting to isolate 
the substance which prevented beriberi, and believed that he had 
isolated it in a pure form, and that it belonged to a group of substances 
called amines. He suggested that certain amines were present in foods 
and guarded the body against beriberi, scurvy, rickets and pellagra, 
and were necessary for vital processes, therefore he called them “ vita- 
mines.”” It was soon discovered that all accessory food factors 
are not amines, and the final “e”’’ has been dropped. (But it 
is difficult to understand why this should make the word more 
suitable.) 

Thus the gradual emergence of the knowledge of the existence of 
vitamins has come along two lines—clinical observation and animal 
experiments. 

The following is a list of notable dates of work or publications leading 
to the discovery of the vitamins :— 


Clinical 
1497-1753 The History of Scurvy as recorded by Lind. 
1882 Experiment with Japanese naval vessels. Takaki. 
1897 Polyneuritis in fowls. Eijkman. 
1889 Rickets due to faulty diets. Cheadle. 


Animal Experiments 


1881 For survival mice need more than purified proteins, fats, Lunin. 
carbohydrates and salts. i 
1897 Polyneuritis of fowls produced by feeding on highly Eijkman. 
milled rice, cured by rice bran. ' 
1901 ** Polished rice lacks an essential food substance.” Grijns. _ 
1905 Small quantities of milk added to “ purified’? diet Pekelharing. 
enable mice to thrive. 
1907 Scurvy produced in guinea pigs. _ Holst and Frolich. 
1909 Bread and milk after extraction with alcohol and ether Stepp. 
is an inadequate diet, replacement of extract makes it 
adequate. -. 
1912 A famous experiment brought conviction. Hopkins. 
1912 
Casimir Funk named the accessory food factors 
“ vitamines.” (English spelling later altered to 


“‘ vitamins ” for a pedantic reason.) 
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The Names and Numbers of the Vitamins 


In 1915 McCollum and Davis !° showed that there were at least two 
accessory food factors needed for normal growth. They called these 
“fat soluble A ”’ as found in butter and egg yolk, and “‘ water soluble 
B ” present in whole cereals but deficient in highly milled rice. Several 
fat soluble vitamins and many water soluble vitamins have been 
discovered: some of the latter have been grouped under the term 
vitamin B complex. The first step in unravelling this complex was the 
discovery that the factor which would cure polyneuritis, produced in 
pigeons by feeding them on highly milled rice, was easily destroyed 
by heat, whereas there was a factor (or factors as later discovered) 
needed for the growth of rats. The former was named B, and the 
latter B,. When watery extractors containing B, were shaken up with 
charcoal or certain clays and filtered some vitamins were absorbed 
and were called ‘‘ absorbed factors,” others passed into the filtrate 
and were called “filtrate factors.”” As more became known about 
these factors they were labelled with various letters. Some vitamins, 
not falling into the two groups of McCollum and Davis, have also 
received letters, thus vitamin C, D, E, etc. The vitamins B,, Ba, etc., 
are not related chemically and have different functions, whereas in 
other cases, such as A,, A, and D,, D,, they are chemical analogues 
with similar functions. This inconsistency of nomenclature may not 
be of great importance, but it is certainly untidy. There has been 
confusion from the use of a letter for more than one vitamin, for 
instance, Sherman divided the B’s into vitamins F and G, and F was 
later used for certain unsaturated fatty acids; and the name vitamin H 
has been used for two different factors. Further, there are substances 
which were named before their functions were known, and with the 
discovery that they were needed for healthy metabolism they became 
entitled to join the heterogeneous collection of substances called 
vitamins, without having been labelled with a letter. Cholin and 
inositol are examples of these. Naming vitamins with a letter, or 
letter and number, is justified whilst their existence is hypothetical 
from the pathological results of dietary deficiencies, but after each 
has been isolated in pure form, its properties and chemical structure 
determined, it should receive a name. This has taken place and names 
have been given—thus thiamine or aneurin for B,, ascorbic acid for C. 
nicotinamide for PP and riboflavin for B,. Here, too, there has been 


*° J. biol. Chem. (1915), 23, 181. 
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some confusion and more than one name has been given to 
the same vitamin. The following is a list and names of the 


vitamins :— 
Vitamin A, and A, Axerophtol. The provitamin is Carotene. 
Vitamin B, Aneurin. Thiamine. 
Vitamin B, Riboflavin. Lactoflavin. G of American literature. 
Vitamin B, Pyridoxine, Adermin. 
Vitamin B,» Anti-pernicious anemia factor? needed for blood 
formation. 
Vitamin B. Folic acid group. 
Vitamin B,. * Para-aminobenzoic acid. 
Vitamin C. : Ascorbic acid, Cevitamic acid. 


Vitamin (D,), D2, (D,) 


Calciferol, Viosterol. 


Vitamin E . Tocopherols. 

Vitamin F . (Unsaturated fatty acid). 

Vitamin G Vitamin Bg. 

Vitamin H : Biotin, Co-enzyme R. 

Vitamin K,, K, . «-phylloquinone and Naphthoquinones. 
Vitamin M : Folic acid group. 

Vitamin P . Citrin, *‘ Eriodictin,” ‘“* Catechins.” 
Vitamin PP Nicotinamide, Nicotinic acid, Niacin. 


(pellagra preventing.) 


Vitamins unlettered are Pantothenic acid, Cholin, and Inositol. 


Indefinite factors necessary for the health of pigeons or rats have 
been called B,, B,, and B;. Vitamin L is a name given to a hypo- 
thetical vitamin supposed to be needed for lactation. There are other 
unknown probabilities such as Lucy Wills’ factor in autolysed yeast 
(marmite) which may be needed for healthy blood formation, and an 
unknown growth promoting factor in milk and other foodstuffs of 
animal origin. A factor designated vitamin B,, appears to have inter- 
relations with the folic acid group (see p. 113). 


Nature of the Vitamins 


The vitamins are definite chemical substances; most of them have 
been prepared in pure crystalline form (Plate I, Fig. 2) and their chemical 
structures determined. The physiological activities of the vitamins are 
being gradually discovered, some, if not all, of them enter into various 
enzyme systems. These systems are made up of protein molecules to 
which are attached one or more groups of non-protein substances, 
these groups are called prosthetic, and neither the protein molecules 
nor the prosthetic group can act alone. A vitamin enters an enzyme 
system always as a prosthetic group, it is a co-enzyme, thus a vitamin, 
part of an enzyme able to break up a COOH group, 1s a co-carbo- 
xylase. Other substances such as metallic compounds can also form 
prosthetic groups. 
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Measurement of Quantities of a Vitamin 


Whilst the vitamins were known only from the results of deficiencies 
of them in diets, they could not be weighed; and various units of 
measurement were founded upon the cure or prevention of one or all 
the signs of disease known to follow a lack of each particular vitamin 
in a diet of some laboratory animal susceptible to the deficiency. 

Thus one unit of vitamin C was defined as that amount which, 
when fed as a daily allowance, just suffices to afford complete pro- 
tection from scurvy to a standard guinea-pig under certain experi- 
mental condition. A defined unit of vitamin B, (G of American 
literature) was that amount which when fed daily to a standard test 
rat under defined experimental conditions results in an average gain of 
3 gm. in weight per week during the test period. 

The next step was taken by an international committee which 
defined the unit of some particular vitamin as the potency of a definite 
quantity of some more or less pure preparation, and such a unit was 
called an Jnternational Unit, or I1.U. for short. Thus the I.U. of 
vitamin A was defined as the vitamin A value of 1 microgram (,g.) 
(0-001 mg.) of a certain carotene preparation. It was soon found, 
however, that this preparation was a mixture of a and f-carotenes, 
and the I.U. was redefined as 0:6 yg. of pure -carotene. 

This is confusing; quantities of vitamins should be expressed in 
milligrams (mg.) or micrograms (ug.). This is now the practice for 
all vitamins which can be isolated and weighed. 


Vitamin Deficiencies 


These may arise in two general ways. 

(1) Deficiencies in Diets. There are a number of diseases due to 
this, and well-known examples are scurvy, rickets, beriberi and pellagra. 
But the diets must be markedly deficient in the particular vitamins 
concerned for any of these diseases to occur in a frank form, also in 
most cases the diets have been deficient in more than one vitamin or 
other factor such as a mineral. The labouring classes of many tropical 
lands subsist on poor and monotonous diets which are often defective 
in more than one respect, and various signs and symptoms of vitamin 
deficiencies of a less urgent or obvious nature than occur in the above- 
mentioned diseases are rife among them, especially among the children. 


(2) Conditioned Deficiencies, These may be brought about 


in 
several ways :— 
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(a) Some vitamins require other substances for absorption from the 
intestine, for instance, vitamin K requires bile salts and a con- 
ditioned deficiency follows obstructions of the bile passages. 
Again, the fat soluble vitamins A and D need adequate fat in the 
diet or they will not be well absorbed. 

(b) Deficiencies may follow diseases of the bowel, which impair 
absorption. Neuritis following such diseases as dysentery or 
typhoid, and many of the signs and symptoms of sprue are probably 
due to faulty absorption of vitamins, and other nutrients. 

(c) Vitamins may be rendered unabsorbable, destroyed, or made 
unavailable for metabolic utilisation by substances taken as drugs 
or in the food. Liquid petrolatum dissolves fat soluble vitamins 
and prevents their absorption. The drugs magnesium trisilicate 
or aluminium hydroxide may adsorb water soluble vitamins. 
Interesting examples of interference with vitamins have come to 
light in respect of diets given to animals: one is Chastek’s paralysis 
on fox farms due to uncooked fish in the foxes’ diets destroying 
vitamin B, by the action of an enzyme (thiaminase); a second is 
‘* ego white injury ” of laboratory animals in which biotin combines 
with avidin of egg white (see p. 102); a third is “* sweet clover 
disease’ of cattle in which dicoumarol prevents the action of 
vitamin K (see footnote, p. 135). 

Chemical analogues of vitamins have inhibitory action, many of 
these have been prepared synthetically: thus thiamine (B,) has a 
pyrimidine ring (see p. 81) to which is attached a methyl group, 
when this group is replaced by an n-butyl group, pyrithiamin is 
formed and can act as an inhibitor of thiamine. If the pyrimidine 
ring of riboflavin is replaced by a benzene ring the resulting 
analogue is an inhibitor of riboflavin. Other examples are thio- 
panic acid preventing the action of pantothenic acid, and 3-acetyl 
pyridine inhibiting 3-carboxyl pyridine, which is niacin. Severe 
pellagra-like conditions in animals have been produced by the 
administration of 3-acetyl pyridine. All these examples are of 
academic interest in respect of human diets, because no definite 
examples affecting the health of man have come to light with one 
exception: there is evidence of a pellagragenic factor in maize 
(see p. 144). 

In 1940 Woods ?* brought forward evidence to show that the 
action of the sulphonamide drugs was to inhibit the action of 


16 Brit, J. exptl. Path. (1940), 21, 74. 
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p-aminobenzoic acid, a vitamin needed for the growth of bacteria 
against which these drugs are effective. 

One explanation of the inhibitory effect of an analogue is that 
it replaces the vitamin in an enzyme system, but unlike the vitamin 
it cannot activate the enzyme. 

There may be the need for a word applicable to any substance 
which prevents the metabolic action of a nutrient. The word 
toxamin has been suggested because of the early observation by 
Mellanby that something was preventing the absorption of 
calcium when puppies were fed on oatmeal, the toxamin in this 
case is phytic acid. 

Whatever word is used it must cover a multitude of substances 
acting in a number of different ways. The term inhibitor might 
be used in a more restricted sense for inhibitory analogues of the 
vitamins. The terms antivitamin and antimetabolite have been used. 

(d) There appear to be many interactions among the vitamins, 
whereby a shortage of one may impair the action of others. For 
instance there are compounds of thiamine, of riboflavin, and of 
niacin functioning in the complex enzyme-coenzyme systems which 
bring about oxidation processes in the body tissues. Far more 
knowledge of these inter-relationships is needed. 


The Determination of the Vitamin Values of Foodstuffs 


A knowledge of the quantities of vitamins in various foodstuffs is 
needed by all concerned with nutrition; further, the clinician needs to 
know for diagnostic purposes the amounts in the blood and urine as an 
indication of a sufficiency or otherwise of the amounts absorbed from 
the alimentary tract. 

The original methods of estimation were by animal experiments 
known as biological assays. But most of the vitamins can now be 
determined by chemical analyses; the methods, however, are in most 
cases complicated and involved, and can be carried out only by experi- 
enced biochemists in well-equipped laboratories. This greatly limits 
the value of chemical methods, especially for clinicians. Perhaps the 
time is not far off when the quantitative determinations of all vitamins 
will be done by chemical methods sufficiently practicable for clinical 
laboratories. 


Biological assays!” are complicated procedures which require 


17 See “* Biological Standardisati : a 8 neve . 
Cox, London. gical Standardisation of the Vitamins,” K. Coward. Bailliére, Tindall & 
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much experience. An example for the determination of vitamin A 
in a foodstuff may be briefly described as follows :— 

Young animals are used so that their rates of growth may be watched. 
Foodstuffs freed from vitamins are mixed to form a basal diet such as 
the following :-— 

Purified caseinogen to supply protein. 
Dextrinised rice starch to supply carbohydrates. 
Olive oil to supply fats. 

Agar to supply bulk. 

Salt mixture. 

It is necessary to add the other vitamins; brewer’s yeast is added to 
supply the vitamins of the B complex; irradiated ergosterol supplies 
vitamin D; wheat germ oil supplies vitamin E, and so on. Vitamin C 
is not needed by rats, although it may be supplied in the form of lemon 
juice. Thus the diet is complete except that vitamin A is absent. 
Many young rats required for the test are fed on this diet, and they are 
weighed at short intervals. At first they show no changes in health 
whilst they use up their reserves of vitamin A, but in two or three weeks 
they cease to grow, and if the diet is continued they will develop 
various signs of vitamin A deficiency, but it is not necessary to wait 
for these signs, and as soon as their growth becomes stationary they 
are divided into a number of batches. The rats of one batch form the 
control and are each given an amount of vitamin A (usually in the 
form of a standard sample of fish-liver oil) which is just sufficient to 
produce normal growth; the rats of the other batches are given different 
quantities of the foodstuff being tested, thus the rats of one batch may 
each receive | gm. of the foodstuff and the rats of other batches 2 gm., 
4 gm. and so on, respectively. It may be accepted that the amount 
of the foodstuff, which is just sufficient to enable the average rat to 
grow at the same rate as the average rat of the control batch, will 
have a vitamin A value equal to that of the fish-liver oil given to each 
of the control rats. 

Microbiological Assays. The use of animals for the assay of vitamins 
is time consuming and laborious. In recent years it has been found 
that many quick growing micro-organisms have nutritional needs 
astonishingly similar to higher forms of life, including man. The 
use of micro-organisms for the determination of amino-acids was 
mentioned on p. 14, similarly they are being used increasingly for the 
assay of some vitamins. Among the organisms most used are Lacto- 
bacillus casei, L. arabinosus, and Leuconostoc mesenteroides. The 


degree of their growth in media is shown by the amount of turbidity 
5 


T.N.D, 
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or by acid production (as determined by titration with an alkali). 
These or other organisms have been used for the assay of almost all 
the water soluble vitamins and the degree of accuracy which may be 
obtained can be illustrated by the response of Leuconostoc mesenteroides 
to riboflavin; there is no growth in the absence of this vitamin, but 
when it is present in as small an amount as 0-001 pg. in 10 ml. of 
culture some growth takes place, the growth increasing proportionately 
with the amount of riboflavin present up to a certain optimum quantity. 
An example of a medium used for this purpose consists of: boiled 
alkali-treated peptone, glucose, sodium acetate, asparagine, cystine, 
salts and riboflavin free yeast. 

Further, the lactic acid bacteria have been of assistance in the 
discovery and isolation of pantothenic acid and the “* folic acid ” group. 


Biological Experiments and Human Nutrition 


The greater part of the vast knowledge of the vitamins built up in 
recent years has been derived from biological experiments. Many 
forms of life have been used, because one form may be more suitable 
than another for showing the presence in various amounts, or the 
absence of a particular vitamin: for instance, puppies or rats are most 
suitable for experiments with vitamin D, because they soon become 
rachitic without it, whereas birds are often preferred for work with 
vitamin B, because, when it is absent from their diets, they develop 
polyneuritis far more quickly than mammals; chickens are used when 
dealing with vitamin K because they are very susceptible to a lack of it. 
Insects, plants and bacteria have been used. The little flour beetle, 
Tribolium confusum, is a well known pest of cereal meals, but it does 
not multiply greatly in refined flours, because its multiplication depends 
more or less on vitamins which are present in traces in refined flour; 
this has been applied to test for and estimate the amounts of vitamins 
in cereal flours. 

Plants need vitamin B, and small pieces of tomato roots placed in 
solutions of salts needed for plant growth will grow only if traces of 
vitamin B, are present, and the degree of growth varies with the amount 
of the vitamin. 

Many of the results of biological experiments are applicable, with 
certain reservations, to human nutrition. The circumstances of animal 
experiments with the use of chemically purified diets, and the con- 
finement in cages without exercise, are never paralleled in human 
life; nor are the mental and physical stresses, which have so often 
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preceeded outbreaks of nutritional diseases in man, paralleled in 
experiments with animals. Again the needs of men and animals are 
not exactly similar; men, monkeys and guinea-pigs are the only mam- 
mals known to need ascorbic acid in their diets, others, including rats 
and dogs are able to synthesize it. 

Refection. This phenomenon was first described by Fridericia 18 
(1926) who showed that under certain circumstances rats could grow 
and thrive without certain water soluble vitamins in their diets. It 
was subsequently shown that the vitamins were produced by bacteria 
in the cecum, and that these needed undigested starch—potato starch 
being particularly effective. Refection accounts for many apparent 
inconsistencies in animal feeding experiments because refection cannot 
be controlled or its effects fully estimated. The production of vitamins 
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Fic. 1. Diagram of the combined stomachs of a ruminant. 


takes place in the human large intestine, and may be the reason why 
some people are more severely affected than others by defective diets. 
But refection and absorption from the human large intestine is too 
inconstant for any reliance to be placed on this source for a supply of 
vitamins. 

Supply by refection is important for herbivorous animals with very 
large ceca, such as the horse. 

Cattle, sheep and other ruminants have four chambered stomachs 
(see Fig. 1), long intestines and large ceca, and much digestion with 
the production of vitamins and other nutrients is aided by a host of 
bacteria and protozoa. In 1915 Sir Arnold Theiler, after doing feeding 
experiments with cattle, reported—* it may be that cattle are capable 
of synthesizing their own vitamins in virtue of the extensive bacterial 


18 Skand Arch, Physiol. (1926), 49, 55, 
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flora of their intestinal tract.’ Since that time a large amount of 
work has been done and it has been shown that vitamin K, thiamine, 
biotin, folic acid, inositol, niacin, pantothenic acid, pyridoxine, ribo- 
flavin and others are produced by microbial action, particularly in the 
rumen and reticulum.!® Apart from this the tissues of cattle can 
synthesize ascorbic acid. 


Commercial and Domestic Actions which Affect the Content of Vitamins 
in Foodstuffs 


The vitamins in foodstuffs are reduced by a number of processes 
in common use. Indeed there is no processing or storage of food which 
does not affect its nutritional value. 

Losses in the content of some vitamins in foodstuffs are brought 
about: 

(1) By removal of parts rich in vitamins, this takes place in the 
milling of cereals. 

(2) By the vitamins being dissolved into the water used for washing 
before cooking, an important example is the washing of milled 
rice. 

(3) By enzyme action as when fruits or vegetables are cut up or 
bruised before cooking. 

(4) By oxidation taking place rapidly during cooking, canning or 
the dehydration of vegetables, fruits and meats. 

(5) By chemical action other than oxidation, as when soda is 
used in cooking. 

These matters are dealt with in Chapter X. 


The Preparation of Synthetic Vitamins 


After vitamin B, was first synthesized by R. R. Williams in 
1936 several attempts were made to produce it on a commercial basis 
some success was achieved in 1939, when a small quantity was sold at ss 
price of between £300 and £400 a kilogram, since that year there has 
been a rapid increase in the quantity sold reaching nearly 100 tons in 
1948 at a little more than £30 per kilogram. Ascorbic acid was first 
sold commercially in 1936, and nearly 500 tons of the synthetic pre- 
paration were sold in the world markets in 1948, sufficient as a yearl 
supply for 30 million people. : 


] : 
For further information consult ** The Role of the Microflora of the Alimentary 


Tract of Herbi ia i ts 
a of Herbivora with Special Reference to Ruminants.” Nutr. Abstr. Rev. (1947), 17, 
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Toxicity of the Vitamins 


Although the vitamins are relatively nontoxic, it is as well to remember 
that cases of hypervitaminosis A, D and K have been reported in the 
literature as a result of over enthusiastic dosage. 

Death can be caused in the rat by an intravenous dose of 0:25 gm. 
of thiamine per kilogram body weight; similar lethal doses for 
pyridoxine and niacin are 3-0 and 5:0-7-:0 gm. respectively. Lethal 
results are not easily brought about by other vitamins even when 
given in enormous doses, but with some of them toxic effects can be 
produced. Crystalline vitamin A acetate given to young rats in doses 
exceeding 530,000 I.U. per kilogram body weight per day retards growth 
and produced rarefaction of the bones, exophthalmos and subcutaneous 
hemorrhages.”° As long ago as 1930 Ashford 7+ showed that doses 
of vitamin D greater than 20,000 I.U. per kilogram body weight per 
day caused diarrhoea, vomiting, renal damage, and calcified areas in 
the viscera. Some of the synthetic preparations of vitamin K may be 
toxic in very large doses; 2-methyl-1, 4-naphthoquinone is poisonous 
for dogs in doses 30-60 mg. per kilogram body weight. 

The following approximately compares the daily physiological 
requirements with lethal or daily toxic doses :— 


Daily needs : toxic dose 
2-methyl-l, 4- Bee ene Ip ORE : : : 60 


l 
Vitamin D 1 : 2,000 
Niacin . =e 000 
Vitamin A 1 : 7,500 
Thiamine 1 : 25,000 
Pyridoxine 1 : 60,000 


There is no information that riboflavin, pantothenic acid, para- 
aminobenzoic acid, or ascorbic acid produce toxic effects even when 
given in very large doses. 

Some of the vitamins have therapeutic values in large doses, but 
dietetically the vitamins given in larger doses than the physiological 
requirements are wasted. 


20 Moore, T., and Nang, Y. L., Biochem. J. (1945), 39, 222 
21 Biochem. J. (1930), 24, 661. 


CHAPTER VI 
VITAMINS (contd.): VITAMIN A, VITAMIN B COMPLEX 
VITAMIN A 


“ Carotinol” ‘‘ Axerophthol ” 


THE existence of this vitamin was first discovered independently by 
McCollum and Davis,! and Osborne and Mendel? in America in 
1913. These investigators found that when young animals were fed 
on diets adequate in all respects except that lard was the only fat 
supplied they ceased to grow and became ill; but when the lard was 
replaced by butter they grew normally and thrived. Further, work 
showed that egg yolk and cod-liver oil also contained this accessory 
food factor. 

Chemistry. It was not until about fifteen years (1930) after the 
discovery of vitamin A that it was definitely established that food- 
stuffs of vegetable origin, such as carrots and green leaves, had one 
of the nutritional effects of butter. The reason of this was explained 
by Moore * who showed that the yellow pigment of plants, called 
carotene, was converted into vitamin A in the animal body. All the 
vitamin A values of plants are in the form of carotenes; and the 
vitamin A in vertebrate animals has been formed from the carotenes 
as they occur in the plankton of the seas or the plants of the land. 
Blood and the foodstuffs of animal origin, including milk, have a small 
part of the vitamin A values in the form of stored carotenes. 

There are three carotenes («, 8 and y) and an allied substance crypto- 
xanthin which can act as precursors of vitamin A. The most effective 
of these is -carotene because one molecule of it together with two 
molecules of water can be formed into two molecules of vitamin A 
whereas the other three can form only one molecule of the vitamin. 

The researches of Karrer 4 and his associates have shown that the 
structural formule of 6-carotene and vitamin A are as given on p. 71. 
At one time it was thought that the conversion of carotene into vitamin 
A took place in the liver. Recent work® has shown that it takes place 

J. Biol. Chem. (1913), 15, 167. 

? Ibid. (1913), 15, 311; (1914), 16, 423. 

8 Biochem. J. (1930), 24, 696. 


; Helv. Chim. Acta (1930), 13, 1084. 
° Wiese, C. E. et al., Arch. Biochem. (1947), 15, 75; Nutr. Abstr. Rey. (1948), 92. 
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in the walls of the intestine. The liver, however, is the main site of 
storage. 

In diseases, such as dysentery and sprue, affecting the intestines, the 
power to convert carotene into vitamin A may be diminished or lost. 
Some persons, who are apparently otherwise healthy, show a yellowness 
of the skin from carotemia, because some of the absorbed carotene is 
not converted to vitamin A; but in some cases the condition may have 
followed a high consumption of carrots or green leaves. 

The carotenes are yellow in colour, but not all the colour of fruits 
and vegetables with yellow flesh are due to them, there are several 
other pigments such as zeaxanthin and flavoxanthin which are bio- 
logically inactive in the sense of being convertible to vitamin A. 

Isolation and Synthesis. Vitamin A appears to have been first 
isolated by Holmes and Corbet ® in 1936. There have been many 
difficulties in its synthesis, and in the preservation of it from oxidation 
after synthesis. The usual method of synthesis is to start from the 
C,, ketone derivative of beta-ionine. 

Properties. Vitamin A is almost colourless in contrast to its yellow 
precursors. Baxter and Robeson ? in 1940 isolated vitamin A as pale 
yellow prismatic crystals melting at 64°C. The carotenes are hydro- 
carbons (f-carotene is C, )H;,), whereas vitamin A is an alcohol 
(Cy )H.,OH). It is unsaponifiable, and the manufacture of con- 
centrated preparations from fish-liver oil is based on this, because 
most of the oil can be removed in the form of soaps, leaving a small 
unsaponifiable fraction containing the vitamin A. 

Spectrographic analysis shows that vitamin A has an absorption 
maximum in the ultra-violet region of 328 miullimicrons wavelength. 
Vitamin A gives a brilliant blue colour with antimony trichloride 
(Carr-Price reagent), which has a maximum absorption of 620 milli- 
microns. It was reported in 1937 that preparations from the livers of 
fresh water fish gave different absorption maxima, namely 352 and 
693 millimicrons. It was concluded that vitamin A exists in two 
forms Ay and A,; the difference in their chemical structure appears to 
be only in the arrangement of the double bonds. It has been shown, 
however, that A, is not readily utilizable by mammals or satisfactory 
for their metabolism. 

Vitamin A has an important chemical relationship to the visual 
purple of the eye and its sensitivity to light. The visual purple of the 


° J. Amer. chem. Soc. (1936), 59, 2042. 
? Science (1940), 84, 294. 
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rods of the retina is called rhodopsin, it is a conjugate of a protein and 
retinene. The action of light on rhodopsin is to loosen the combination 
of its constituents and change it into visual yellow, a mixture of protein 
and retinene; the continued action of light changes the retinene into 
vitamin A,. The visual purple of the retine of fresh water fish and 
amphibia is called porphyropsin, which has the same relationship to 
vitamin A, that rhodopsin has to vitamin A,. The retinenes are the 
aldehydes of vitamin A.® 

Methods of Assay. These fall under three headings :— 

(1) Biological Assays: 

(a) The vitamin A value of a foodstuff can be determined by 
growth response of groups of young rats of the same age 
(see p. 65). 

(b) The amount of the foodstuff needed to cure xerophthalmia 
of vitamin A deficient rats gives its value by comparison 
with a similar effect of a known amount of f-carotene. 

(c) Keratinization of the vagina occurs in vitamin A deficient 
rats, and the cure of this has been made the basis for deter- 
mining the vitamin A values of foodstuffs. 

(2) By the degree of the blue colour of the antimony trichloride 
reaction. 

(3) Spectrophotometric Method. Vitamin A absorbs ultra-violet 
rays of a particular wavelength, the degree of absorption varies 
with the amount of vitamin A present; this can be determined by 
means of a spectrophotometer. 

Action. The part played by vitamin A in the metabolic processes of 
the body other than those taking place in the retina has yet to be 
clearly defined. 

Absorption of Vitamin A. Mainly because vitamin A and the 
carotenes are soluble in fats and not in water there are several important 
points concerning the absorption of them from. the intestinal tract :— 

(1) Vitamin A is more quickly absorbed than carotene and most 

of it has been absorbed 3-5 hours after administration, whereas 

an equivalent amount of carotene requires 7-8 hours. 

(2) Carotene is badly utilized on low fat diets. This is of great 

importance as regards many tropical diets which contain little 

fat and have vitamin A value almost entirely in the form of 


carotene. 


* The photosensitivity of plants and invertebrates is due to carotenoids. See Wald, G., 
Harvey Lectures (1945-46), 41. Li 72 


74 


TROPICAL NUTRITION AND DIETETICS 


(3) Bile salts are necessary for the absorption of both carotene 
and vitamin A, the latter is probably absorbed as a bile salt 
ester, and may be stored as such in the liver. 

(4) Carotene is badly absorbed and not readily converted into 
vitamin A by infants and young children, and probably the 
majority of sick infants cannot utilize carotene at all.2 For good 
growth and health young children need some ready formed 
vitamin A. Carotene preparations are not indicated for hospital 
and dispensary practice. 

(5) Absorption or utilization is low in cceliac disease, sprue, fibrosis 
of pancreas, bile duct obstruction, fevers, dysentery and enteric 
diseases, tuberculosis and cirrhosis of liver. 

(6) Vitamin E (tocopherol) is needed for good absorption of vitamin 
A. This is due to the anti-oxidant effect of the tocopherols; 
which also have a sparing effect on vitamin A during storage or 
intra-cellular utilization. This is an example of inter-action 
between vitamins. Until recently insufficient attention was paid 
in biological assays and determinations of human requirements— 
to the sparing effect of vitamin E on vitamin A, this has led to 
inaccuracies among the published figures. 

(7) It has been discovered that aqueous dispersions of vitamin A 
are far better absorbed than solutions in oils. These dispersions 
are very readily absorbed by children or patients with one or 
other of the diseases mentioned, in para. 5 above. Now that a 
great variety of dispersing agents are available it is probable 
that fish-liver oils and synthetic preparations of vitamin A will 
be used mainly in the form of dispersions. For instance, vitamin A 
will form a stable dispersion in an aqueous solution of propylene 
glycol containing mannitan monolaurate. Dextri-maltose is 
another dispersing agent. 

(8) Hydrocarbon oils have some inhibitory effect on the absorption 
of carotene. The frequent use of liquid paraffin as an aperient 
may be contra-indicated; and the increasing use of mineral oil 
emulsions sold as salad dressings, creams and mayonnaise must be 
condemned. 


Vitamin A Values of the Plasma and Storage in the Body 


Vitamin A of the plasma of healthy adults has been found to range 


* Jonxis, J. H. P., Nutr. Abstr. Rev. (1946), p. 97. 
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from 71 to 153 I.U. per 100 ml. with an average of 117, and 
the carotenoids from 135 to 380 I.U. per 100 ml. with an average 
Bier) .*° 

Ninety per cent. or more of the vitamin A in the body is stored in 
the liver and the amount in any individual varies at different times, 
the liver of a person on a reasonably good diet, not unduly rich in 
vitamin A or carotene, will contain 200-400 I.U. per gm. which is 
sufficient to supply an adult on a diet deficient in vitamin A for several 
months. Some animals, such as rats, can store large quantities of 
vitamin A in their livers whereas other animals, such as rabbits, cannot. 
Some species of fish continue to store vitamin A in the liver throughout 
their lives, and an aged halibut may possess a liver containing as much 
as 1 per cent. of its weight in this vitamin. 

The storage of vitamin A in the human body is important, because 
there are many tropical races whose foodstuffs vary with the seasons 
of the year. After the onset of rains a supply of green leaves and 
other vegetables will allow vitamin A to be accumulated in the liver 
against the time, after the yearly drought sets in, when the diets may 
be deficient in this vitamin. 


The Effects of Vitamin A Deficiency in Animals 


The pathological changes taking place in animals on diets deficient 
in vitamin A were comprehensively summed up by Wolback and 
Howe 11 in 1925. They showed that the changes—almost specific— 
are a keratinizing metaplasia. This may take place in any epithelium 
throughout the body, although the epithelium in some organs is far 
more susceptible than in others. The changes start as a degeneration 
of the epithelium, followed by reparative proliferation of the basal 
cells, and the newly formed cells are differentiated into stratified 
epithelium comparable with that of healthy squamous epithelium. 
When the epithelium is normally stratified or transitional the atrophy 
and metaplasia due to the deficiency lead to marked degenerative 
changes. Many of the gross changes are due to accumulation of the 
keratinized epithelial cells in glands or ducts; thus the process in the 
lungs may lead to the plugging of the bronchi and the formation of 


bronchiectatic cavities. 
Young rats on a vitamin A deficient diet soon cease to grow unless 
10 See Medical Research Council’s Special Report, Series No. 264, 1949, p. 66 and 


literature. 
11 J, Exper. Med. (1925), 42, 753. 
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they have large stores in the liver from a previous diet rich in the 
vitamin. 

Eyes. Holm !# (1925) showed that rats in an early stage of vitamin A 
deficiency were unable to jump off a table in a dim light after they had 
been exposed to a bright light; in other words, they had developed 
night blindness (hemeralopia) as the earliest sign of the deficiency. 
Fredericia and Holm !* had already shown that vitamin A deficient 
rats had a subnormal rate of regeneration of visual purple. The 
rods of the retina are normally sensitive to dim light because they 
contain visual purple (rhodopsiif). In strong light rhodopsin is rapidly 
reduced and apparently can be resynthesized in two ways: (@) from 
retinene ; (b) or when the retinene is reduced from protein and vitamin 
A circulating in the blood stream. In the case of vitamin A deficiency 
this resynthesis is delayed and the result is night blindness. 

Xerophthalmia and keratomalacia are later signs than night blindness, 
but they do not appear in all vitamin A deficient rats. The first sign 
is swelling of the eyelids followed by inflammation of the conjunctiva. 
Later there are hemorrhagic and purulent discharges; the cornea 
becomes ulcerated and ultimately there is blindness. The changes in 
keratomalacia are at first due to the degeneration of the epithelium, 
but later invading bacteria play the greater part, being unchecked by 
healthy epithelium and normal secretion of tears. 

An intensive study of the ocular changes in vitamin A deficiency 
in the rabbit has been reported by I. Mann ™ and her associates, the 
first effect is for the epithelial cells of the cornea to undergo metaplasia 
into squamous and keratinized cells which leads to corneal opacities. 
Changes take place in the conjuncture with keratinization and pig- 
mentation comparable with that which has been reported as occurring 
in the pigmented races of man.?® 

The changes in the lacrymal glands occur later. It has been stated 
that the tears of rabbits deficient in vitamin A contain very little 
lysozyme,'® which has anti-bacterial properties. 

Teeth. Metaplasia and atrophy of the enamel-forming organ and 
the dentine of rats on vitamin A deficient diets have a profound effect 
upon the proper formation of the teeth. 

Nervous System. Pigs and other animals on a vitamin A deficient 

12 Amer. J. Phys. (1925), 73, 79. 
18 Thid. (1925), 73, 63. 
4 Am. J. Ophthal. (1946), 29, 801. 


Collins, E. T., Tr. ophthal. Soc. U.K. (1930), 50, 201. 
© Brit. J. exp. Path. (1925), 6, 16. 
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diet acquire spasms of the limbs and inco-ordination with a staggering 
gait. On death, scattered myelin degeneration is found in the spinal 
cord. Mellanby '’ has shown that carotene or vitamin A can protect 
animals from the action of neurotoxins such as ergot or the poison of 
the lathyrus pea (lathryism). 

Mellanby has shown that vitamin A deficiency in young puppies 
leads to disordered growth of the bones, and the finer structures of 
these become coarse, and there may be local over-growth in parts of 
the skull. Thus overgrowth in the bony canals through which the 
nerves pass may cause pressure on them and lead to deafness, blindness, 
loss of power of smell and various other sensory disorders. It appears 
that vitamin A restrains and co-ordinates the growth of bone so that 
it is in harmony with the growth of other structures. The close 
association of vitamin A with the calcium regulating vitamin D (q.v.) 
in egg yolk, milk and liver fats may have other significance than the 
fact that they are both fat soluble. 

Infection. McCollum }* as early as 1917 noted high rate of respira- 
tory infection in rats on diets deficient in vitamin A. Green and 
Mellanby 1° studied infections of rats on vitamin A deficient diets. 
They found: 


38 per cent. had septic xerophthalmia. 
72 an abscess at the base of the tongue. 


bb] 9 


44 “3 ,, infections of the genito-urinary tract; some had calculi 
of the kidney or bladder. 
20 f ,, middle ear or sinus sepsis. 
9 Hs ,, infections of the lungs. 


They suggested the name ~ anti-infective ”’ vitamin, but this is not 
acceptable because other deficiencies also increase the susceptibility 
of animals to infections. 

Among other conditions which have been found in experiments with 
rats is an abnormal frequency of gastric ulceration. 

ViTtAMIN A DEFICIENCY IN CATTLE. Night blindness has been 
described in camels and horses used for transport in Iran and other 
parts of Asia.2? In 1933 Hart and Guilbert 21 described the natural 
occurrence of vitamin A deficiency in cattle grazing where the grass 
was nearly completely devoid of carotene after extended drought; 
among the signs were xerophthalmia, blindness, discharges from the 
nose and mouth, swelling of the joints and convulsions. 


17** Nutrition and Disease.”’ Oliver and Boyd, Edinburgh. 
18 J. biol. Chem. (1917), 29, 241. 

19 Brit. Med. J. (1928), 691. 

2” Meadows, D., Vet. J. (1919), 26, 140. 

21 Calif. Agr. Exp. St. Bull. (1933), 560. 
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Madsen and Earle have confirmed previous reports of the develop- 
ment of cedema and muscle anasarca as a result of vitamin A deficiency 
in cattle fed on straw, corn and oil cake in the absence of green leaf. 

The multiformity of the signs and the protean nature of some of | 
them are among the important points brought out by animal experi- 
ments on dietary deficiencies. It need not be concluded that a mani- 
festation of a deficiency is necessarily closely specific of that particular 
deficiency, the inter-actions between the nutrients are such that a 
deficiency of one may have far-reaching effects on the metabolic 
processes of another. Again it is noteworthy that where there is a 
great excess of a nutrient in the usual diet, the prodigality which must 
take place is not readily overcome on transfer to diets relatively poor in 
that particular nutrient. For instance, 1 1b. of grass will supply all 
the carotene needed by each head of cattle consuming one hundred 
times that amount daily, but a diet of straw and yellow corn, con- 
taining more than the theoretical amount of carotene needed, may be 
followed by the signs of vitamin A deficiency. 


Syndromes mainly due to Vitamin A Deficiency in Man 
These are dealt with in Chapter IX. 


Units of Vitamin A 


The international unit is the vitamin A potency of 0-6 vg. of pure 
B-carotene. The original unit was 1 ug. of a carotene preparation 
distributed by the Health Organization of the League of Nations, but 
this was a mixture of «- and f-carotene equal in potency to 0:6 yg. of 
B-carotene, hence the present international unit. 

A unit of vitamin A at one time much used in America and called 
the Sherman Unit, is defined as “‘ that amount which when fed daily 
just suffices to support a rate of gain of 3 gm. per week in a standard 
test rat during a period of 4-8 weeks.” This unit is about equal to a 
vitamin A potency of 1 pg. of pure B-carotene. 


Human Requirements 


The requirements of children for growth and development, and of 
women for pregnancy and lactation, are greater in kilograms of body 
weight than the requirements of the ordinary adult. 

The Health Organization of the League of Nations 22 recommended 


** League of Nations Report on the Physiological Basis of Nutrition, Geneva, 1935 
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that all children between the ages of 2 and 14 years should be provided 
with 1 qt. of milk, an egg, servings of green leafy vegetables and 
butter suited to the size of the child and 3 gm. of cod-liver oil daily. 
This would provide at least 6,000-8,000 I.U. of vitamin A daily 
for each growing child. They recommend 2,000-4,000 I.U. daily 
for an adult and at least 5,000 I.U. for pregnant and nursing 
mothers. It is certain that in many localities of Europe and America 
‘the poorer classes have never been able to give their children a diet 
containing the luxuries recommended by the authorities of the League 
of Nations; and the far lower economic state in vast areas of the 
tropics does not permit of the practical application of such recom- 
mendations by any except a very small percentage of the population. 

Edmund and Clemmesen ?° studied the requirements of young men 
in a state prison in Denmark by determining the amount of vitamin A 
in their diets and studying their visual adaptation. They concluded 
that about 1,400 units of vitamin A daily for an adult of 70 kg. was 
sufficient for normal visual adaptation. Guilbert ?4 and his associates 
showed that sheep, cattle, and pigs had almost identical requirements 
for vitamin A or carotene per kilogram body weight for the prevention 
of hemeralopia. This is a daily intake of 40-50 units of caroteng 
(25-30 pg.) or 20-30 units of vitamin A per kilogram of body weight. 
If similar requirements are needed by the human species a man weighing 
70 kg. would require daily from 1,400 to 2,000 units of vitamin A, or 
double that number of units in the form of carotene, as a physiological 
minimum. Possibly larger quantities than these are necessary for the 
highest well-being (see Chapter XV). 

Children at the time of weaning and for several years afterwards 
do not readily convert carotene into vitamin A. 

The report of the Medical Research Council on “* Vitamin A Require- 
ments of Human Adults” 25 states in respect of vitamin A: “An 
amount of about 1,300 I.U. daily was found to be a minimum pro- 
tective dose of vitamin A. The figure of 2,500 daily is recommended 
as an estimate of the requirement to cover individual variations and to 


leave a margin of safety.’ Similarly in respect of carotene: “* The 
conclusion is reached that the minimum protective dose of carotene 
is about 1,500 I.U. daily . . .” and from this a figure of 3,000 I.U. 


daily is recommended. It is, however, pointed out that there is great 


28** On Deficiency of Vitamin A and Visual Adaptation,” trans. Mrs. Clara Packness. 
Oxford University Press, 1937. 

24 J Nutrit. (1936), 13, 543. 

2° Special Series Report, No. 264 (1949), p. 141. 


os 
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variation in the percentage of carotene absorbed from different food- 
stuffs. 


The Food and Nutrition Board of the American National Research, 


Council recommend—5,000 I.U. for an adult, 8,000 I.U. during 
lactation and: 


Children less than 1 year . 1,500 I.U. Children 10-12 years . ASSOLE 
1-3 years .- 2 2. 0002;, J 13-180 » iW 000R% 
es Se i a ere 00. Others 16-20 ,, . #6,000>5 
” 7-9 ” “! - 3,500 ” 


TABLE XXUlI 
1. Vitamin A. Carotenes negligible 


Fish-liver oils contain about 150,000 I.U. per 100 gm., but the extreme ranges are from 
1,000 I.U. per 100 gm. for very small fish to 36 millions for aged halibut. 

Fish body oil contain from 500 to } million I.U. per 100 gm. 

Turtle oil contains about 35,000 I.U. per 100 gm. 


I.U. per 100 gm. LU pero 
Fish, dried or fresh ; 2 : 70 20 
Meat, lean . ~ : 5 ss : 50 14 
Liver . : : ; : ; .  10,000—160,000 2,600—45,000 
Average 27,000 8,000 
2. Vitamin A and Carotenes 
Vitamin A Carotenes 
I.U. per 100 gm. I.U. per oz. I.U. per 100 gm. I.U. per oz. 
Milk . ‘ 80-160 23-46 60-120 17-35 
Butter . ‘ 1,000—8 ,000 280-2,400 300—3,000 85-850 
Beas: Ge. : 700-1 ,200 200-340 1,200—2,000 340-560 
3. Carotenes only 
Carotenes 
I.U. per 100 gm. IU. per-oz, 
Cereals : : : ; : : 0-30 0-9 
Maize, yellow : P ‘ : ; 100-350 30-100 
Pulses , : ‘ : ; : 0-350 0-100 
Roots (white flesh) . : a : 17-35 5-10 
», (yellow flesh) ‘ ; ; - 1,500—7,000 400-—2,000 
Leaves (dark green) : : : : 2,400—20,000 700—5,600 
,, (white cabbage leaf) . ; ; ~ 30-80 9-20 
Vegetable fruits 
Beans in green pods . é : ; 600—1,000 180-300 
Brinjal (egg plant). : : : 17-70 5-20 
Carrots (red). : : : : 3,500—15,000 1,000—-4,200 
Chili ; : 5 : d 350-1,700 100-500 
Drumsticks . : : ‘ : 350 100 
Ladies Fingers : : : : 350-700 100-200 
Plantain (unripe) ‘ ; ; d 70 20 
Tomato (whole) , ; ‘ ; 700-1,400 200-400 
Gourds (white flesh). : ; ; 17 5 
», (yellow flesh). ; : ; 100—1,500 30-400 
Dessert fruits (white flesh). : . 35-70 10-20 
- . (yellow flesh) . .  ~ — 3,500-11,000 100-300 
Banana : : ‘ : 200 55 
Nuts and oil seeds 
Coconut . - ‘ : : : 0 0 
Gingelly seeds . ; . ; ; 170 50 
Mustard seeds . . ; : : 400 120 


Red palm oil. . ‘ : - 40,000—80,000 11,000—22,000 
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_ Storage and Cooking 


Vitamin A is less stable than carotene, and may be fairly easily 

- destroyed by oxidation, which is likely to take place in prolonged or 

repeated cooking, during canning or storage. Foods dried in the sun 

g dehydrated by other means during exposure to air may lose the 
‘greater part of the original carotene by oxidation. 


Vitamin A Value of Foodstuffs 


These may be considered under three headings: (1) Foodstuffs 
containing vitamin A and negligible amounts of carotenes; (2) Food- 
stuffs containing both vitamin A and carotene ; (3) Foodstuffs con- 
taining carotene and no vitamin A. These are given in Table XXIII. 


VITAMIN B COMPLEX 


Under the vitamin B complex will be considered the water soluble 
-vitamins—thiamine, riboflavin, pyridoxine, biotin, pantothenic acid and 
para-aminobenzoic acid, and it is convenient to include niacin in this 
group. Some authors include folic acid and other vitamins in this 
complex. 


VITAMIN B, 
Thiamine (Aneurin) 


i Vitamin B, was named “aneurin” by Professor Jansen, but the 

American authorities objected to the name because it carried an 
implication of therapeutic utility. The name “ thiamine,” indicating 
that the vitamin contains sulphur, has come into use pending a decision 
from the International Committee on Nomenclature. 

Isolation of Thiamine. More than a quarter of a century elapsed 
after Grijns had suggested the existence of an anti-neuritic substance 
in rice millings before it was isolated as a crystalline preparation. 
Very appropriately this was done by two other Dutch investigators, 

Jansen and Donath in 1926. 
Structure and Synthesis. The discovery of the structure of thiamine 
_was mainly due to the work of R. R. Williams 26 and his associates. 
They successfully synthesized the vitamin in 1936. 

Thiamine hydrochloride has the composition Cy,H,gsNsOSCly. _ Its 

chemical structure is as follows :— 


ee 


26 J. Amer. chem. Soc. (1934), 56, 1187; Ibid. (1935), 57, 229, 536, 1093; Ibid. (1936) 
58, 1063; Ibid. (1937), 59, 1052. 


T.M.D, 


6 


6 
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CH, CG: "C=CH N=. Cr, 


lI ome 
N—CH HC C.CH,.CH,OH 


Baa 
Pyrimidine Thiazole 


Thus its structure consists of two nuclei—a pyrimidine and thiazole, 
held together by a methylene bridge uniting a carbon atom of the 
former to a nitrogen atom of the latter. This vitamin is the only 
known substance produced by living matter which has a thiazole ring. 

Properties. Thiamine chloride occurs as spicular crystals (Pl. J, 
Fig. 2). The melting-point of the chloride from rice millings is 
246° C. whereas that of the synthetic chloride is 233°C. It is sug- 
gested that the former is a mixture of two stereoisomers of equal 
potency but having different melting-points. Two properties of 
practical importance are: (1) its great solubility in water (1 in 20) © 
and hence it is liable to be leached from foods when they are being 
washed or boiled, (2) the bond between its two nuclei is somewhat 
weak, and this renders it liable to destruction especially in an alkaline 
medium. 

Thiamine exists in the body in two forms, partly in the free state, 
but to a greater extent as the pyrophosphate. 

Action. This vitamin plays a part in carbohydrate metabolism — 
both in plants and animals, and its important function is to remove 
certain products of carbohydrate metabolism. Lactic acid is one of 
these metabolites. Dehydrogenizing ferments, of which compounds 
of nicotinic acid and riboflavin act as prosthetic groups, convert 
lactic acid to pyruvic acid: 


CH;CHOHCOOH—2H —+ CH,COCOOH ; 
Lactic acid Pyruvic acid 


Thiamine pyrophosphate is the prosthetic group of an enzyme, the 
other group being a protein, each alone has no enzyme action, but in 
combination they bring about the decarboxylation of pyruvates with 
the evolution of CO,, the first stage of this is as follows: 


CH;COCOOH —> CH,CHO+CO, 
Pyruvic acid Acetaldehyde 


Pyruvates and lactates accumulate in the blood and tissues of 


thiamine deficient animals and in patients with beriberi; the pyruvates 


-_—*. 


Ss ‘; 


VITAMINS : VITAMIN A, VITAMIN B COMPLEX 83 


accumulate because they are not destroyed and the lactates because 
the accumulation of pyruvates inhibits dehydrogenase. 

It appears that the determination of the amount of pyruvic acid in 
the blood should be of diagnostic value; but pyruvic acid is increased. 
in high fevers and in hepatic, thyroid, renal neoplastic and other 
diseases. The ratio between the amounts of lactates and pyruvates in 
the blood has also been investigated. Goldsmith 2”? found the mean 
amounts of pyruvic and lactic acids in normal blood were 1 mg. and 
9-3 mg. per 100 ml. respectively. The ratio | : 9-3 had a standard 
deviation of + 1-7. The variables and difficulties are such that at 
present the determination is of little value in hospital work. 

Pyruvic aldehyde, also known as methyl glyoxal (CH,COCHO), 
is a metabolite in a stage of less oxidation than pyruvic acid. Some 
- authorities, mainly the Japanese, consider that the accumulation of 
glyoxal in the tissues in cases of thiamine deficiency has a marked 
toxic effect, and also that its excretion in the milk of thiamine deficient 
~ lactating women plays a causal part in infantile beriberi. 

Thiamine pyrophosphate, being the prosthetic group of a decarbo- 
xylating enzyme, has been called co-carboxylase; but objection has 
been taken to this as being too committal, because there is some 
evidence that thiamine may enter into other enzyme systems, such as 
in conjunction with a protein to form an oxidase. 

It has been suggested that the pathological effects of thiamine- 
deficiency are due to the accumulated metabolites—lactate, glyoxal and 
pyruvate; but no one has succeeded in producing polyneuritis (the 
chief sign of thiamine deficiency) by the injections of these. This, 
however, is not evidence that they are not the cause of polyneuritis; 
the accumulation of the products of any enzyme action inhibits the 
action; and nascent metabolites within a cell may have a far greater 
effect than when they are circulating in the blood stream. 


Analysis and Assays 

(1) The Thiochrome Method. This has become by far the most 
common method of determining the amount of thiamine in foodstuffs, 
blood or excreta. It consists in the oxidation of thiamine to thio- 
chrome which is extracted by a solvent such as isobutanol, or absorbed 
in acid clay and eluated. A solution of thiochrome has a bluish 
fluorescence, and the degree of it can be determined by an electric 


27 Amer. J. med. Sci. (1948), 215, 182. 
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fluoroscope and compared with the degree given by a standard solution 
of thiochrome from a known amount of thiamine. 

(2) Microbiological Assays.28 The organisms Phycomyces blakes- 
leeanus and Lactobacillus fermentum, both needing thiamine for growth, 
have been used. There is also a yeast fermentation method.”® 

(3) Biological Assays. The determination of thiamine by using 
pigeons, rice birds (Munias), chickens or rats was the first method, 
but has been largely replaced by the thiochrome method, which is far 
less time consuming and more accurate. 


Storage and Excretion of Thiamine 


Thiamine is readily absorbed by the alimentary tract from most 
diets; but the amount in the blood is far from constant depending 
upon the amount consumed. In an investigation on children receiving 
a supplement of 0:54 mg. daily the mean amount of thiamine in the 
blood was 5:5 ug. per 100 ml., but on a supplement of 1-27 mg. daily 
it was 7:3 wg. per 100 ml. The highest concentration of thiamine is 
in the liver, kidney, heart and brain. Large stores are not maintained 
and on deficient diets the main reserves are depleted in about 5-6 
weeks; but minimal amounts are retained persistently. When large 
quantities of thiamine are taken the excess is partly destroyed by 
oxidation in the body and partly excreted in the urine. The excretion 
is fairly proportional to the quantity consumed and the determination 
of the amount excreted may be used for two purposes, firstly to deter- 
mine human requirements and secondly for diagnostic purposes, 
where there is a normal or high excretion a deficiency state may be 
excluded, but the excretion of a sub-normal amount is not so definite. 


Effects of Deficiency of Thiamine in Animals 


All birds need thiamine for growth and health. Pigeons, fed on 
highly milled rice and water only, develop signs of polyneuritis in 
3 or 4 weeks, the most characteristic sign being head retraction, the 
head falling and lying on the back of the bird (Pl. I, Fig. 3). .Somé- 
times the head falls forwards and is Supported by the beak resting on 
the floor of the cage. All birds do not show signs of polyneuritis 
when fed on thiamine free diet, many (about 50 per cent.) die suddenly, 
apparently from heart failure. 

Rats given a diet entirely free from thiamine die within 1 or 2 weeks 


?* Sarett, H. P., and Cheldelin, V. H. (1944), J. biol. Chem., 155, 153 
® Schultz, A. S. et al. (1942), Ind. Eng. Chem. (Anal. Ed.), 14, 35. 
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without showing marked clinical signs, but when there are minimum 
quantities of thiamine in the diet they show polyneuritis with con- 
vulsions in 6-8 weeks. The clinical signs are lameness of the hind and 
fore-limbs, inco-ordination, rolling movements, nystagmus and con- 
vulsions. A constant sign of thiamine deficiency in rats is bradycardia. 
The rate of the normal heart beat of the rat is about 500 per minute, 
and this falls to 300-350. An electrocardiograph is needed to count 
the rapid pulse rate of the rat. 

The growth of young rats soon ceases when they are fed thiamine- 
deficient diets ; and a daily quantity which appears to be sufficient 
for good health in older rats is not sufficient for good growth. 

The dog has been used in experimental work and on thiamine- 
deficient diets develops a spastic paralysis. 

All animals on diets deficient in thiamine have loss of appetite and 
there is general impairment of the tone and activity of the intestinal 
tract. 

A conditioned deficiency of thiamine has been recorded among 
the foxes on fur farms, it is Chastek’s paralysis, and is the result of a 
diet containing 10 per cent. or more of uncooked fish. It is a pure 
thiamine deficiency because it can be prevented or cured by giving 
small doses between meals when there is no fish in the stomach, and 
by giving very large doses with the meals. The substance which 
prevents the absorption of or destroys the thiamine is in the viscera 
and not in the flesh of the body of the fish. 

Animal experiments are apt to be complicated by starvation, because 
of the anorexia of thiamine-deficient animals. 

The effects of thiamine-deficiency in man are dealt with in 
Chapter IX. 


Units of Thiamine 

Several units based on bio-assay were in use in different countries 
until thiamine was isolated in pure form, since when quantities of it 
are dealt with in terms of micrograms. The last International Unit 
was laid down as 3 yg. of the actual substance. 


Human Requirements of Thiamine 

The Hygiene Section of the League of Nations supported a value 
of 300 I.U. as the minimum daily requirement for a man, this is about 
1,000 yg. (the I.U. at that time being 3:3 yg.). From their experience 
in the East Indies the Dutch consider 150 LU., which is half the above 
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figure, the minimum requirement for the Javanese. The American 
National Research Committee recommend 1,200 pg. per adult and 
1,500 yg. during pregnancy and lactation as desirable intakes. 

Since the revelation that the main function of thiamine is to act as 
the prosthetic group of an enzyme, which is concerned with carbo- 
hydrate metabolism, it has been realized that the requirement of the 
body for thiamine may vary with the intake of carbohydrate. Indeed, 
this is in accordance with past experience that beriberi has always 
followed diets rich in carbohydrates especially among gangs of labourers. 

Cowgill ®° scrutinized 180 human dietaries and showed that beriberi 
producing diets had a low ratio between the vitamin content and the 
caloric value. William and Spies 34 went a step further and classified 
diets on a ratio between the thiamine and the non-fat calories. Using 
their preferred values for the thiamine content of various foods they 
showed that this ratio of beriberi-producing diets is near 0-3. 

Let us consider three diets, such as are not uncommon in Southern 
Asia :— 

(a) A diet of 2,300 calories suitable for a sedentary worker and 
consisting of lightly milled parboiled rice with a small amount of 
fish and vegetables. 

(b) A diet of 2,300 calories as taken by many sedentary workers and 
consisting of highly milled raw rice with a small amount of fish 
and vegetables. 

(c) A diet of 3,100 calories as is not infrequently taken by labourers 
and consisting of highly milled raw rice with fish and vegetables. 


The thiamine non-fat caloric ratio of the three diets is as follows :-— 


Diet Thiamine Non-fat calories TRE NEC 
A 1,000ug. : 1,800 0:55 
B 570ug. 1,800 0-32 
ie 635g. 2,500 0:25 


As regards thiamine, diet A is satisfactory; diet B is borderline, 
but in the case of a sedentary worker will probably not lead to beri- 
beri although the consumers may be in a state of sub-clinica] deficiency ; 
diet C is a beriberi-producing diet although it contains more thiamine 
than diet B. 

The Th : N.F.C. ratio is applicable to the usual diets in countries 
where rice is the staple article and beriberi is endemic. It is not 
applicable for many Western diets rich in fats and proteins, and still 


*°** Vitamin B, Requirements of Man.” Yale University P 
 ., Vitami R ( ; ress (1934), 
**** Vitamin B,.” The Macmillan Co., New York (1939), Cand 
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less to the fermented milk diets of pastoral tribes or the flesh diets of 
Eskimos; a very low carbohydrate diet may give a ratio of two or more. 

The following gives the value in thiamine in respect of the Th: N.F.C. 
ratio for diets in common use in countries where beriberi is endemic:— 


Ratio below 0:3 Beriberi-producing diets. 
», between 0-3-0:35 Borderline and too low. 
“ ra 0:35-0:45 Sufficient for light labour. 
» above 0:45 Desirable. 


The human requirements as given in Table XLVI, p. 314, are ample 
under all conditions of work and stress. 


Effect of Storage and Cooking on Thiamine 


Cereals stored for one year lose very little thiamine provided they 
have kept well, that is, have not been attacked by bacteria or insects. 
After longer storage the thiamine slowly decreases. 

It is an easily oxidized vitamin especially in alkaline medium. During 
the ordinary processes of canning, when the foodstuff has a faintly 
acid reaction, not more than 20 per cent. is lost, but when the food- 
stuff is faintly alkaline 40 per cent. or more may be lost. 

Some cooking processes may leach out the vitamin or destroy it 
at high temperatures (see p. 202). 


Thiamine in Foodstuffs 

The vitamin is so widely distributed in naturally occurring foods 
that there is never likely to be a shortage of it in diets unless it has 
been removed by artificial means. All the cereal grains such as rice, 
wheat, oats and millets are comparatively rich in thiamine, which, 


TABLE XXIV 


More than 3g. per gm. 


2-3g. per gm. 


1—-2yg. per gm. Less than \pg. per gm. 


Yeast Unmilled rice ee . Highly milled 
i illi Parboiled rice tring beans rice 
aa | o-70 8. Maize Green peas White flour 
* Offals ” Soya bean Roots 
Peanut Sug. Dhals Vegetable 
Mongo bean Grams fruits 
Wheat Dried milk Leaves 
Barley Cheese “ae 
Millets 4 li 
Pork HB. Fish 
Duck’s eggs Meats 
Oatmeal 
Liver 


however, is not evenly distributed throughout the grain but is con- 
centrated in the germ and outer layers. These parts are removed from , 
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the rice in the form of millings (fannings) when it is milled to prepare 
a white rice for the markets (see p. 177). The bran and pollards of 
wheat which are removed from the grain in the preparation of white 
flour contain the greater part of the thiamine (see p. 178). 

In many parts of the world the staple cereal forms 70 per cent. or 
more in terms of calories of the diets of the labouring classes. 

Table XXIV shows the comparative quantities of thiamine in various 
foodstuffs (see also Tables LXI-LXXILI). 


CHAPTER VII 


VITAMINS (contd.): RIBOFLAVIN, NIACIN, PANTOTHENIC 
AGIDAETC 


RIBOFLAVIN 


Synonyms : Lactoflavin, Vitamin B,. Vitamin G of American 
Literature 


EARLY experiments made to demonstrate the anti-neuritic factor 
(vitamin B,) in preparations of foodstuffs showed inconsistencies 
especially in respect of the growth and general health of the animals; 
and about 1920 it became apparent that many of the preparations, 
tested with the basal diets, contained more than one vitamin. 

It had been discovered that the anti-neuritic factor was easily 
destroyed by heat, and in 1926 Smith and Hendrick ! showed that 
yeast, after autoclaving for six hours at 15 Ib. pressure, still contained a 
growth-promoting factor for rats. Also it was found that foodstuffs 
might be rich in one factor but not in the other, for instance, liver is a 
good source of the growth-promoting factor, but less rich in the anti- 
neuritic factor. These and other pieces of evidence were conclusive 
of the existence of at least two factors. Sherman ? had suggested the 
letters F and G for the two factors, but the Americans continued to 
call the heat labile factor vitamin B, and the heat stabile factor vitamin 
G. In Europe the designations B, and B, have been preferred. 

Isolation of Riboflavin. As long ago as 1879 Wynter Blyth 3 isolated 
a pigment in an impure state from milk and named it ‘‘ lactochrome.”’ 
Warburg and Christian * in 1932 isolated an enzyme from yeast and 
named it “ yellow respiratory pigment ” because of its oxidizing action. 
They showed that it consisted of a protein anda green-yellow fluorescent 
pigment. Kiihn® and his associates were the first to isolate the 
pigment in a pure state and to identify it as a vitamin because of the 
growth-promoting effects. They suggested the group name “ flavin.” 
At one time the flavins were named after the sources from which they 
were isolated, such as lactoflavin and ovoflavin. It is now known that 

1 Public Health Rep. (1927), 41, 201. 
2 J. chem. Ed. (1926), iii, 1241. 
3 J, chem. Soc. (1879), 35, 350. 


4 Biochem. Z. (1932), 254, 438. 
5 Ber. Deut. Chim. Ges. (1934), 67, 892. 
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they are identical and that the carbohydrate d-ribose is present in their 
molecule, hence the name riboflavin. 

Structure and Synthesis. Riboflavin has the empirical formula 
C,,H.)N,O,. Its chemical structure has been established by Kiihn 
and his co-workers as follows :— 

CH,—(CHOH),—CH,OH 
Ho yi 
N N 


H#iG-C 4 Gag CasenNy 
ice 
G N C 
H O 

Riboflavin and various analogues have been synthesized starting 
from d-ribose. Some of the analogues have biological activity, but 
none of them has more than half the activity of riboflavin. 

Properties of Riboflavin. This vitamin crystallizes as yellow-brown 
needles melting at 293° C. (PI. I, p. 80). It is slightly soluble in water 
(1 in 8,000). It forms soluble esters with succinic acid, and this is 
used for commercial preparations. It is stable in acid medium but 
alkalis have a destructive effect on it. Riboflavin has a bitter taste. 

A yellow respiratory tissue enzyme is formed in the cells of animals 
and plants, it may be needed for all forms of life. The enzyme has a 
molecular weight of the order of 80,000; it is a compound of riboflavin, 
phorphosic acid and a protein. Other combinations of riboflavin 
acting as oxidases are known, one of these is riboflavin-adenine- 
dinucleotide. It has been suggested that riboflavin increases the 
acuity of vision in twilight by dissociation of the short blue rays from 
the longer green and yellow to which the eye is more responsive. 

The vertebrates and some other forms of life, including some bacteria, 
need riboflavin ready formed, but the green plants and many bacteria 
and fungi can. synthesize it. The fungus Eromothecium ashbyii ® 
produces this vitamin in such quantities in suitable media kept at the 
right temperature, that the cultures become deep yellow and crystals 
of riboflavin appear in the media. It can be easily isolated from these 
cultures; and this might be a commercial source were it not that 
riboflavin can be very cheaply synthesized. 

It may be that the wide use in the tropics of foods fermented by 


vn ° Hickey, R. J. (1946), Arch. Biochem., 11, 259. 
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bacteria, yeasts and other fungi is not unconnected with the pro- 
duction of vitamins by these organisms. 

Riboflavin is synthesized by pulses when they germinate (see p. 226). 

Analyses and Assays. The quantitative analysis of riboflavin is 
fluorometric, based on the degree of the yellow fluorescence of solutions 
depending on the amount of the vitamin present. Difficulties in this 
method have arisen from the presence of other fluorescing pigments; 
but in most cases the interfering pigments can be destroyed by oxidation 
with permanganate. 

At one time young rats were used for the assay of riboflavin, their 
growth response to various amounts of the foodstuff being assayed 
was compared to the growth response of diets containing known 
quantities of the vitamin. 

Since Snell and Strong’ found that riboflavin was needed for the 
multiplication of Lactobacillus casei, microbiological assay has become 
the method of choice pending the improvement of the fluorometric 
or other biochemical method. 

Storage in the Body. Riboflavin, mainly as phosphate, is stored to 
some extent in all the tissues of the body particularly in the liver and 
kidney (see Table XXV). Riboflavin is built into the essential sub- 
stances of all muscle tissue, the heart is very rich in it. Animals on 
diet deficient in this vitamin keep a certain minimum amount even up 
to the time of death. The thiamine of the body of animals on diets 
deficient in it disappears far more readily. 


Effects of Riboflavin Deficiency in Animals 


Partial deficiency of riboflavin in the diets of rats leads to delayed 
growth, alopecia with dermatitis of the denuded areas, conjunctivitis, 
keratitis, premature senility, and some rats develop cataracts. After 
prolonged deficiency there is myelin degeneration of the peripheral 
nerves and posterior columns of the cord. 

Animal experiments have shown the important part riboflavin 
plays in the economy of the utilization of food in building up body 
tissues. In one experiment rats on a diet, deficient in riboflavin, 
each gained on an average 6-1 gm. in weight in 125 days, whereas their 
litter mates during the same period on the same amount of food plus 
20ug. of riboflavin gained 61-3 gm. 

Sarett, et al.,8 found that riboflavin excretion by dogs and rats 


7 Ind. Eng. Chem. (Anal. Ed.) (1939), 11, 346. 
8 J, Nutrit. (1943), 25, 173. 
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varied inversely with the protein intake, and that protein deposition 
was necessary for riboflavin retention in the liver. 

Sure ® has shown that there is a definite thiamine-riboflavin inter- 
relationship and that chronic thiamine deficiency produces great 
losses of riboflavin in the urine. 

Riboflavin deficiency in the mothers leads to deformities of the 
bones of the offspring. 


Unit of Measurement 
The amounts of riboflavin in foods, excreta or tissues is always 
given in terms of micrograms or milligrams. 


Human Requirements 


Riboflavin is deficient in many diets of the labouring classes of the 
tropics in which milled cereals make up 70 per cent. or more of the 
calories. It has been shown by animal experiments that deficiency of 
riboflavin results in lack of buoyant health, stunting of growth, early 
onset of senility and curtailment of longevity. H. C. Sherman ?° is 
particularly insistent on an adequate intake of riboflavin, he states: 
“|. . it can be said that in the findings of animal experimentation 
there is strong objective evidence that for the best long-run results the 
intake of riboflavin should be such as to provide a very wide margin 
above the amounts that are demonstrably necessary.” This is a 
counsel of perfection, which is very difficult for realization in most 
countries because of economic conditions. 

The allowances recommended in Table XLVI would bring an improve- 
ment in respect of the content of riboflavin to most tropical diets. 


Storage, Preparation and Cooking 


The riboflavin content of foods is very little affected by ordinary 
storage or cooking. There are two points to be noted: (1) sunlight 
has a destructive effect on riboflavin; some of the riboflavin is destroyed 
by sunlight in the preparation of dhall (see p. 222); milk exposed to 
sunlight for 3} hours loses 75 per cent. of its riboflavin; (2) the use of 
soda in cooking may reduce the amount of riboflavin. 


Riboflavin in Foodstuffs 


Table XXV gives the general average of riboflavin in various food- 


* Ibid. (1944), 27, 447. 
©’ Chemistry of Food and Nutrition ” (1946), pp. 374-382. Macmillan, London, 
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stuffs. It will be noticed that most of the foods with good riboflavin 
values are of animal origin; and that the high milling of cereals reduces 
the riboflavin in them by about one-half (see also Tables LXI-LXXII]). 


TABLE XXV 
Mg. per Mg. per Mg. per Mg. per 
100 gm. OZ. 100 gm. Oz. 
Foods of Vegetable Origin Foods of Animal Origin 
Cereals (whole) . 2012 0-03 Fish : : 7.015 0-04 
» (highly milled). 0-05 0-014 ,, (dried) 0:36 0:10 
Pulses : ‘ meOsS2. 0:09 Meat (lean) 0:25 0:07 
poe cc balis) -. 0°16 0:05 Heart : 0:90 0-25 
Roots (starchy) . 0-05 0-014 Kidney 2-00 0:57 
Onions = : . 0-10 0-028 Liver 2:50 0:70 
Beans in pods . 2 {Ose 0:03 Eggs 0:35 0-10 
*Leaves . : 5 Tupils: 0-04 Milk ‘ : 0-15 0:04 
Ladies fingers (Okra) . 0-10 0-028 5, (skimmed) 0:20 0-05 
Egg plant (Brinjal) . 0:03 0-01 », (powder) . 1-20 0:34 
Tomato. : . 0:04 0-01 
Gourds . ; 0:03 0-01 
Fresh fruits : . 0:04 0-01 
Tea leaves . A OO 0-27 


* Fresh sprouting leaves may contain far more than 0-15 mg. per 100 gm., as witness 
tea leaves. 


NIACIN (NICOTINIC ACID) 
Synonyms : Vitamin PP. Nicotinamide (Niacinamide) 


The history of niacin is wrapped up with the disease pellagra, first 
described in 1735 by a Spaniard named Casal; he attributed it to 
faulty nutrition. Since his time the opinion of most students of the 
disease has been in agreement with this, except for a brief period, 
following the work of Pasteur, when many investigators became 
microbe hunters and sought an infectious cause for this disease. 

Goldberger has been the most persistent student of the disease 
since his appointment in 1913 by the U.S.A. Bureau of Public Health 
to investigate a very serious outbreak of pellagra in the Southern 
States. He soon came to the conclusion that it was of dietary origin, 
but at first he thought it might be a protein or amino-acid deficiency 
because the disease can be cured by some diets of high protein value. 
Voegtlin 1! with others in 1920 disputed this * protein theory es when 
they showed that a 95 per cent. alcoholic extract of liver in large daily 
doses was curative for pellagrins, although the extract contained very 
little protein. When Goldberger 12 and his associates (1926) showed 
that pellagra could be effectively treated with an acid extract of yeast, 


11 Bull. U.S. Hyg. Lab. (1920), No. 116. 
*F Pub. Hlth. ke. Wash. (1926), 41, 1025 and 297. 
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the existence of a non-protein “‘ P-P ” (pellagra-preventive) factor was 
postulated, and it became customary to refer to this as vitamin PP. 

Much confusion reigned because most of the work on the subject 
was being done with rats, and a dermatitis and other signs, which are 
now known to be due to riboflavin deficiency, were believed to be 
analogous with the pathological changes of human pellagra. The rat 
and other small laboratory animals are able to synthesize vitamin PP 
and therefore do not require it in their diets, and the confusion was 
due to this fact, unknown at that time. 

Chittenden and Underhill (1917) first produced experimentally in 
dogs a disease called black tongue, which is more or less of the same 
etiology as pellagra, but it was not until 1937 that Elvehjem 1° and 
his associate isolated niacinamide from liver and showed that it was 
curative for black tongue in dogs. (It is interesting to note that Funk 
when working on beriberi in 1911 isolated nicotinic acid from rice 
millings.) 

The work on dogs was quickly followed by the treatment of 
pellagrins with niacin or its amide, and many of them responded 
dramatically, but in some cases thiamine, riboflavin or liver extracts 
were required in addition to the niacin before there was complete 
recovery. 

Chemistry. Niacin is pyridine-3-carboxylic acid having the empirical 
formula C,H;O,N; niacinamide has the formula C,H,ON3. 


H H 
C G 
dee 7 
a ClGOOH HC C.CO.NH, 
| | | 
HC CH SHG | 
net VK 
N N 
Niacin Niacinamide 


Niacin occurs as white long narrow crystals soluble in water (Pl. 
I, Fig. 2). The crystals melt at 235-237° C. 

As long ago as 1906 Harden and Young ™ showed the existence 
of a co-enzyme needed for alcoholic fermentation. This was isolated 
by Von Euler and his associates in 1925; a second co-enzyme was 
discovered by Warburg and Christian 15 in 1932; these, named co- 

‘8 J. Amer. chem. Soc. (1937), 59, 1767. 


* Proc. roy. Soc. (1906), B77, 405. 
*° Biochem. Z. (1932), 254, 438. 
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enzyme I and II, were shown to be di- and tri-phosphopyridine 
nucleotide respectively—the pyridine part being niacin. These co- 
enzymes act as dehydrogenases in carbohydrate metabolism, they take 
part in systems dependent on flavoproteins and probably several other 
variable factors. 

It was early recognised that the vast majority of cases of pellagra 
occurred in those whose staple article of diet was maize, and after 
niacin was discovered and found to be curative, it was concluded that 
maize was poor in niacin in comparison with other cereals. Analyses 
brought some support to this view. In 1940 Aykroyd and 
Swaminathan !° noted that diets based on maize might be pella- 
gragenic when they contained as much as 15 mg. per day of niacin, 
whereas some rice diets, which did not lead to pellagra, contained no 
more than 5 mg. It appeared that although maize was relatively poor 
in niacin, yet a dietary deficiency of the vitamin was not the full explana- 
tion of pellagra. 

Krehl 2” and his associates during 1945 and 1946 showed that a 
pellagra-like condition could be produced in rats by diets low in 
niacin and proteins, and that either trypophane or niacin would 
prevent this. Ample confirmation, that there is an interplay between 
tryptophane and niacin, has been forthcoming. 

If niacin was excreted in the urine unchanged, as occurs with some 
other water soluble vitamins, it might be a simple matter to give a 
suspected precursor in a diet deficient in niacin, and examine the 
urine for the vitamin, but niacin is excreted in changed forms. At 
one time trigonellin (N!-methylnicotinic acid) appearing in the urine 
was believed to be a derivative of niacin, but recently it has been shown 
that the main urinary derivative of niacin is N}-methylnicotinamide ; 
and there are others such as nicotinuric acid. When animals are fed 
diets low in protein and deficient in niacin they acquire signs of disease 
which can be banished by tryptophane, and there is at the same time a 
great increase in the amount of N?!-methylnicotinamide excreted. It is 
possible that two substances, chemically related, might have similar 
degradation products without the one being changed at any stage 
into the other. But the evidence supports the view that where there is 
need for niacin it can be produced from tryptoplane. This amino- 
acid is required for other metabolic purposes and there may be 
priorities, whereby it is not always available for the formation of niacin. 


16 Indian J. med. Res. (1940), 27, 667. 
17 Science (1945), 101, 489; J. biol. Chem. (1946), 164, 551. 
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Kynurenine is a product of tryptophane metabolism '* and may be an 
intermediate stage in the formation of niacin. 

The method and site of production of niacin from tryptophane has 
not been definitely determined; bacterial action in the gut has been 
suggested, indicative of this is that, when sulphonamides, known to 
depress bacterial action, are given to animals deficient in niacin, 
tryptophane is no longer able to supply the need for the vitamin.’® 

The knowledge of the metabolic needs of the body for niacin has 
been further complicated since the discovery by Woolley ?° of chemical 
analogues inhibitory of the action of the vitamin. He has shown 
that tryptophane can counteract the niacin inhibitory effect of 3- 
acetylpyridine. Following the report by Woolley that maize contained 
a pellagragenic agent Kodicek et a/.”1 have shown that, if indole acetic 
acid can act as an inhibitor, there is enough of it in maize to have a 
pellagragenic effect. This, however, needs verification. 

Four points of especial importance in the chemistry of niacin are:— 


(1) Niacin plays a part in co-enzymes which have interactions with 
other vitamins. 

(2) Niacin is excreted in the urine mainly as N!-methylnicotinamide 
and other derivatives. 

(3) Niacin has interplay with tryptophane, and probably with other 
amino-acids. 

(4) There are inhibitory analogues of niacin. 


Analysis and Assays. Biochemically niacin may be estimated by a 
method based on K6nig’s reaction in which a pyridine nucleus with 
cyanogen bromide and an aromatic amine yields a substance that can 
be determined calorimetrically. Scudi 2? has developed a rapid fluoro- 
metric method based on the cyanogen bromide reaction. 

In microbiological assays several organisms have been used including 
Lactobacillus arabinosus, Torula cremoris, and Proteus HX 19, the last 
has a sensitivity so that ranges of niacin for 0-005-0-1 eg. per 10 ml. 
of media can be determined. 


Effects of Deficiency of Niacin in Animals 


Black tongue in dogs, long known to veterinary surgeons, has been 
called inappropriately canine typhus and Stuttgart epizootic. Dogs, 


.2 oe a W. : heel Proc. Nat. Acad. Sci., 33, 155. 
inger, P., an el Kader, M. M. (1947), Nature, 16 : . 

° J. biol. Chem. (1946), 162, 179. sD ahd 1: 

*1 Lancet (1946), 251, 491. 

*® Science (1946), 103, 567. 
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on diets such as wheat flour, peas and cotton seed oil, within one to 
six months develop dark necrotic areas and gangrene of the tongue 
and buccal mucosa accompanied by bloody diarrhcea and wasting 
soon followed by death. 

Although most animals and birds can synthesize this vitamin, 
wasting, diarrhoea and death have been caused in rats, swine and 
chickens by diets low in protein and deficient in niacin. Also similar 
pathological effects may be produced by the administration of the 
inhibitory analogues of niacin. 


Units of Measurement 


The amount of niacin in any material is always referred to in terms 
of milligrams. 


Human Requirements 

From what has been written in the previous pages the requirements 
must depend to a great extent on the pattern of the diet especially in 
respect of whether or not it is based on maize as the staple cereal. 
The allowances given in Table XLVII, p. 315, are ample, provided atten- 
tion is paid to the amount of protein in the diet and the possibility of 
pellagragenic agents. 


Storage and Cooking 

The quantity of niacin in foods is not markedly affected by long 
storage. Some of the niacin may be leached out of cereals and other 
foods by washing before cooking. Boiling or roasting as commonly 
carried out is not destructive of niacin. Soaking maize for twenty-four 
hours, or heating it in a solution of lime as is done in preparing tortillas, 
the bread of Mexico, appears to render the cereal less pellagragenic. 


Niacin in Foodstuffs 
Table XXVI gives an average niacin content of the more important 
foodstuffs. 


TABLE XXVI 
Niacin Niacin. 
Cereals Mg. per 100 gm. Mg. per 100 gm. 
Maize and oats : 0-6-1:3 Leafy vegetables . - 0:4-0:6 
Millet . . : - 1-4-3-0 Roots and tubers . 0-4-1:0 
Rice (highly milled) , 1-2 Other vegetables . : 0:2-0°6 
Rice (parboiled) ‘ 4:0 Fruits . : : 0:2-0°6 
Wheat . ; : : 5:0 Milk 0-1-0:2 
White flour . : 1:0 Eggs . : ee 
Wheat germ . : ; 7:0 Meat (lean) . 5- 
Beans and peas ‘ : 1-3-2°5 Liver . , ‘ . 14-16 
Peanuts . ; ; , 14 Fish . : P 1-5-3-0 
Nuts - ; : ; 1-4-2°5 Yeast (dried) : ‘ 20-60 


T.N,.D. 
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VITAMIN B, 
(Pyridoxine, Pyridoxal, Pyridoxamine) 
Synonyms : Pyridoxine, Adermin. 


This vitamin has been referred to by many terms during the years 
when vast numbers of animal experiments have been done in efforts 
to unravel the factors of the vitamin B complex, and among these 
terms are: rat anti-pellagra factor, vitamin By, anti-acrodynia factor, 
factor I and factor y. 

This vitamin was first isolated in 1938 by Lepkovsky,?? and Keresztesy 
and Stevens 24 working independently. It was synthesized by Harris 
and Folkers 2° in 1939, and named pyridoxine by Gyérgy and Eckhart *° 
(1939). The synthetic form is available on a commercial basis. 

Chemistry. The formula is C,H,,NO 3. Structurally it is 2-methyl- 
3-hydroxy-4: 5-bihydroxymethyl pyridine. 


CH,OH 


| 
C 


a. 
HO—C C—CH,OH 


| 
H,c-—C C—H 


Bw 
N 


Vitamin B, is an example of a vitamin consisting of a number 
of closely related compounds all having much the same biological 
activities. Three well established compounds are pyridoxine, pyridoxal 
and pyridoxamine, they all occur as mdse and there may be other 
forms and conjugates. 

They are co-enzymes in amino-acid decarboxylases, and play a 
part in transaminase systems, for instance, pyridoxine is needed by 
the fungus Neurospora sitophila for the formation of tryptophane 
from serine and indol. The part they play in protein metabolism has 
been compared with that of thiamine in carbohydrate metabolism. 

There is some evidence that pyridoxine may play a part in fatty acid 
metabolism. 


Analysis and Assays. The chemical procedures are colourmetric 


23 Science (1938), 87, 169. 
*4 J. Amer. chem. Soc. (1938), 60, 1267. 
° Science (1939), 89, 347. 
*® Nature (1939), 144, 512. 
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depending on the formation of coloured substances by the action of 
2, 6-dichloroquinone chlorimide or diazotized sulphanilic acid on the 
vitamin. Determinations made before the existence of three or more 
forms were known are of little value. 

Biological assays were carried out at one time mainly with 
tats, but have been replaced to a great extent by microbiological 
assays. 

Storage in Body. The vitamin is stored in the liver mainly in the 
form of pyridoxamine phosphate. 


Effects of Deficiency of Vitamin B, in Animals 


A characteristic dermatitis follows a deficiency in rats and mice, 
this has been called “‘ acrodynia,” it affects the peripheral parts— 
feet, nose and ears, and there is oedema and desquamation of the 
affected parts. The general signs of the deficiency are impaired 
growth, wasting, muscular weakness and convulsions. 

The deficiency produces a similar dermatitis in poultry. 

Hypochromic anemia follows the deficiency in dogs and swine. 
The latter also are afflicted with convulsions and an abnormal gait 
from degeneration of the spinal cord. 

Glycine and other amino-acids are toxic when given in large amounts 
to pyridoxine-deficient rats; the toxicity can be counteracted by the 
administration of the vitamin. 


Human Requirements 


These are unknown, but judging from animal experiments and the 
fact that the carcase of a rat contains a little less than 1 mg. per 2,500 
calories, it is probable that 1 mg. daily meets human requirements. A 
deficiency in human diets has not been clearly demonstrated. The 
functions of the vitamin suggest that a deficiency might arise in the use 
of diets very rich in proteins. 


Vitamin B, in Foodstuffs 


Table XXVII has been drawn up from various sources in the litera- 
ture.27. Because the vitamin occurs as more than one analogue in 
various conjugates, more research is required before the figures from 
analyses or bio-assay can be finally accepted. 


27 Sarma, P. S. et al. (1947), J. Nutrit., 33, 121. 
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TABLE XXVII 


Mg. per 100 gm. Mg. per 100 gm. 

Cereals . . A ; 0-3-0:4 Pulses . ? 5 - 0-4-0°8 
Mos : ; - 0-4 Soya bean : 0:7 
Oat 0-2 Dhall . : 0-4 
Rice (unmilled) 0-4 Vegetables and fruits - 0-1-0°3 
Rice (highly milled) : 0-15 Meat (lean) . : é 0:4-0°6 
Rice bran ; 15 Kidney : ; 1:0 
Wheat (whole) . 0:3 Liver : : ; 0:8 

», (germ) - 12 Yeast . ; : 3-0 


PANTOTHENIC ACID 


R. J. Williams 28 in 1938 discovered that a filtrate factor was needed 
for the growth of yeast cells, he called this pantothenic acid. Jukes ae 
in 1939 found that it was identical with a filtrate factor needed to 
prevent certain pathological conditions arising from its deficiency in 
the diets of chickens and rats. 

Chemistry. Pantothenic acid has a formula C,H,,O;N, and struc- 
turally is :— 


CH; 
| 
CH,OH—C—CHOH—CO—NH—(CH,),—COOH 
| 
Cre 


Basically it consists of 6-alanine and hydroxy-dimethyl-butyrolactone. 
It was first synthesized by R. J. Williams and W. T. Major *° in 1940. 
One of the functions of pantothenic acid was shown by Lipmanor and 
his associates to be a coacetylase (called by them coenzyme A) involved 
in the acetylation of aromatic amines. 

Because the amount of pantothenic acid needed by animals decreases 
with an increase in the proteins in the diet it has been suggested that it 
may be synthesized from amino-acids, probably f-alanine and D-valine 
are the precursors. 

When the carboxyl group of pantothenic acid is replaced by an 
hydroxy-methyl group (CH,OH) pantothenyl alcohol is obtained, 
which is better absorbed than the acid or the calcium salt, and has 
been preferred for therapeutic administration. 

Calcium pantothenate crystallizes as fine, white hygroscopic needles 
soluble in water with feeble alkaline reaction. Pantothenol is a 
colourless oily liquid soluble in water and alcohol. 


*8 Abs. Div. Org. Chem. Amer. Soc., Milwaukee (1 
2° J. biol. Chem. (1939), 129, 225. sealant 
8° Science (1940), 91, 246, 
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Assays. Pantothenic acid is usually assayed by microbiological 
methods. Lactobacillus arabinosus is used, the growth being deter- 
mined by the amount of lactic acid formed. Proteus Morgani is also 
used, the amount of multiplication being shown by the degree of 
cloudiness. 


Deficiency of Pantothenic Acid in Animals 


Chickens develop dermatitis, the eyelids adhere and there is degenera- 
tion of the spinal cord. 

Mice in the early stages of the deficiency lose hair, and later there is 
complete alopecia, serous exudate around the eyes, spinal curvature 
and death. Rats show irregular dermatitis with greying of the fur, 
adrenal necrosis and skin ulceration. The dog and pig have diarrhea, 
anorexia and anemia; in the latter paralysis of the hindquarters occurs. 
The lipoids (cholestrol lipoid phosphorus) of the blood of dogs fall to 
half or less of the normal amount. 


Deficiency of Pantothenic Acid in Man 


“ Burning feet and hands ” may be due to an actual or conditioned 
deficiency of this vitamin (see p. 146). Infants weaned on refined 
cereal gruels and showing signs of severe malnutrition may lose pig- 
mentation of the hair and skin; possibly pantothenic-acid deficiency 
plays a part. 


Human Requirements 


These are unknown but, judging from animal experiments, probably 
10 mg. daily are sufficient. More is needed during growth than in 
later life. The young rat needs 100 pg. per day at the age of three 
weeks, but only 25 pg. per day is needed by a rat when ten 
weeks old to prevent the appearance of characteristic lesins of a 


deficiency.** 


Pantothenic Acid in Foodstuffs 


The vitamin occurs in the free and combined state. When assays 
are being made the material being assayed is digested with enzymes, 
but as some of the combinations are not easily set free by digestion, 
it is probable that some of the determinations given in tables of assays 


81 J, Nutrit. (1942), 23, 545. 
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are too low. Table XXVIII gives general averages collected from the 
literature up to the end of 1948. 


TABLE XXVIII 
Pantothenic Acid in mg. per 100 gm. 


Sic : 0:2-0:8 Liver . 4:0-8:-0 
Rices: 0:4-1-0 Kidney 2:5-3°5 
Rice bran 1S Meat (lean) . 0-2-1-5 
Wheat . ; 0-5-1-5 ish. = . 0-2-1-0 
Wheat bran . 2°5 Oysters 0-5 

Pulses . : 1:0-1:5 Eggs 5:0-7°5 

Roots (potatoes) 0-3-0-6 Milk 0-1-0°4 

Leaves . E : 0-4-0°8 Yeast 20 

Vegetables and fruits 0:03-0:3 

Tomato . - 0-1-0-4 

BIOTIN 


Synonyms ; Vitamin H. Bios I[b. Co-enzyme R. 


The word bios was first used by Wilders ** (1901) for substances 
necessary for the growth of yeast. It was later used to cover more 
than one growth-promoting factor for yeast, and biotin is one of them. 
Boas ** in 1924 found that when rats were fed on diets containing dried 
egg white they lost weight, developed blepharitis and dermatitis with 
loss of hair and gangrene of the tip of the tail, the latter change is 
probably due to vasoconstriction. These changes do not occur when 
the egg white is boiled. At first it was thought that raw egg white 
was toxic, but it was found that many foodstuffs contained some 
factor which prevented “ egg white injury.” Gyérgy *4 (1939) called 
this factor vitamin H. It has been found that vitamin H and biotin 
are identical. The protein fraction in egg white which combines 
with biotin and prevents its absorption from the intestine has been 
isolated, purified and called avidin, it is the glycoprotein fraction of the 
albumen. Another “ substance’? which is identical with biotin is 
“ Coenzyme R,” needed for certain respiratory enzyme action by 
Rhizobium trefolii, a root nodule bacterium. 

Chemical Composition. Kégl and Tonnis ** first isolated biotin 
in 1936. Its composition is C,,H,,O,;N.S. Du Vigneaud °° showed 
that it is a bicyclic compound, and has a five-membered urea ring, a 
ring containing sulphur in thio-ether linkage and a fatty acid side- 
chain. 


2 Le Cellule (1901), 18, 313. 

°° Biochem. J. (1924), 18, 422. 

*4 J. biol. Chem. (1939), 131, 733. 
°° Hoppe-Seyl. Z. (1936), 242, 43. 
*° Science (1942), 96, 455. 
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The following is the structural formula as given by Du Vigneaud :— 


NH—CH—CH, 
vs os 

O=C S 
/ 


NH—CH—CH(CH,),.COOH 


Biotin is one of the most physiologically active substances known, 
it will promote the growth of yeast in a dilution of 1 in 400 billion. 

There are analogues of biotin, which have biological activity, and 
others which inhibit the action of the vitamin. 


Effects of Deficiency in Animals 


A deficiency in the diets of rats leads to the same clinical picture 
as occurs in “‘ egg white injury,” mentioned above. A deficiency in 
chicken leads to a scaly dermatitis. 
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Effects of Deficiency in Man 


A deficiency of biotin is not possible in ordinary human dietaries ; 
but an interesting experiment has been carried out in America by 
Sydensticker ®? and four associates in the production of “ egg white 
injury ” in volunteers. The diet used was low in biotin, and included 
daily was 200 gm. of dehydrated egg white, which was given in solution 
in a one-third aliquot with each meal. In about the fourth week a 
scaly dermatitis occurred and quickly disappeared to return later in 
the hands and feet of one of the volunteers. During the seventh and 
eighth weeks their skins had a strange greyish pallor out of proportion 
to the small degree of anemia which had developed. The tongue 
became denuded in patches but remained pale and was very different 
from the ruddy erosion seen in pellagra and ariboflavinosis. Mild 
depression during the early weeks progressed to extreme lassitude and 
somnolence, one volunteer had hallucinations and two others mild 
panic states. All had muscle pains, hyperesthesia, anorexia to nausea 
and sitophobia. Precordial pain and other evidence indicated coronary 
ischemia in two of the devoted victims. The daily excretion of biotin 
fell to 4-7 pg. from a normal of between 30 and 60 pg. 

The minimum amount of biotin needed to bring about prompt 
relief of all symptoms was 150 pg. injected parenterally. 


37 J. Amer. med. Ass. (1942), 118, 1199. 
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Human Requirements 
The daily requirements are probably not much more than 10 micro- 
grams. 


Biotin in Foodstuffs 


This vitamin occurs in two forms—free and bound. The latter 
can be freed slowly by digestion or by autoclaving the foodstuff for 
one hour with 2N.H,SO,. Most of the bound biotin is not available 
in food. 

Lampen and his associates have recorded in the Journal of Nutrition *° 
the amount of free and bound biotin in various foodstuffs as determined 
by microbiological assay, using a strain of the bactertum Clostridium 
butylicum, which needs biotin for its growth. 

Table XXIX gives the amounts of biotin probably available :— 


TABLE XXIX 
Available Biotin in Micrograms per 100 gm. 

Cereals . ; - 5-10 Liveros : , 150-200 
Pulses. : 2 10-30 Kidney : : 250-400 
Vegetables and fruits 2-20 Meat (lean) . : 20-50 
yeast. 9- ; ; 10-150 Bishi : z 8-12 
Molasses . . 9 Eggs . : ; 100 

Milk . : : 5-10 


PARA-AMINOBENZOIC ACID 


This substance is a simple derivative of benzoic acid, it has a com- 
position of C,H,NO, and a structural formula :— 


COOH 


Great interest was roused, when it was discovered that para- 
aminobenzoic is an essential metabolite for those bacteria which are 
susceptible to the action of the sulphonamides. The drug combines 
with the essential metabolite and makes it unavailable for the bacteria 


8 J. Nutrit. (1942), 23, 11. 
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so that they cannot multiply. A second point of interest is that para- 
aminobenzoic acid is part of the molecule of “ folic” acid (q.v.) (a 
vitamin required by most forms of life), and bacteria which need 
“ folic’ acid ready formed are not susceptible to the sulphonamides; 
apparently the susceptible bacteria use para-aminobenzoic acid as a 
substrate for the formation of “‘ folic” acid. 

“Folic”? acid in one or other of its forms is needed in human 
metabolism; and therefore para-aminobenzoic acid may not be needed. 
One desirable quality for an inhibitor of bacterial metabolism is that 
its action should be against a metabolite necessary for the growth of 
the bacteria but not necessary for the human body. Unfortunately 
pathogenic bacteria have many requirements similar to those of man; 
this and other factors, such as toxicity, has limited at present the 
discovery of other anti-bacteria drugs. 


INOSITOL 


There are a number of inositols formed in animals and plants; 
for example methyl inosite occurs in mussels, and phytin occurs in 
plants (see p. 34). The commonest is meso-inositol (hexa-hydroxy 
cyclohexane) having the composition C,H,,O, and structural formula :— 


HO H 
mone a 
© 
HO alle : H 
ae i: ed 
2 eon 
H es 
“e e 
% \ 
ie ae a4 H 
Phen. oe 
iS 
, 
HO H 


Effect of Deficiency in Animals 


It has been reported that a deficiency in white mice is followed by 
alopecia. It appears to be needed by many unicellular organisms 
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and some cold blooded animals. By the use of isotopes it has been 
shown that glucose can arise in rats from inositol. 

T. J. Cunha and associates ®° have claimed that egg white injury can 
be cured either by biotin or inositol. There have been other claims 
for the interchangeability of these two vitamins, but such claims 
require further substantiation. 

Human needs are unknown. 


CHOLINE 


Choline has been long known as a constituent of the phospholipids; 
but an enormous literature grew around it after C. H. Bert *° and 
J. H. Ridout in 1939 wrote of it as a dietary factor. 

Choline is a colourless viscid fluid, and choline chloride form white 
hygroscopic crystals. The composition is C;H,;O,N and the structure 
1S :— 

(CHs)s 


N—OH 
| 
Gee 


| 
CH,OH 


It is an aminoethanol with three methyl groups. 

There are three important points in choline metabolism. (1) Choline 
contains “labile” methyl groups. The transfer of a methyl group 
from one metabolite to another is a fundamental role in metabolism. 
Transmethylation is brought about chiefly by choline and methionine, 
and to a less extent by betaine. These are said to contain “ labile ” 
methyl in distinction from non-labile methyl of such substances as 
creatine and sarcosine which cannot be used for transmethylation. 
Creatine, anserine and N?-methylnicotinamide are produced in the 
body by transmethylation, and methionine, having a methyl group, 
can be produced in the rat by the methylation of homocystine. 

(2) The Chief Source of Choline in the Body are the Phospholipids. 
Choline is a component of lecithin and other phospholipids; which 
are needed for various purposes including the control of the fat meta- 
bolism of the liver. The administration of choline markedly increases 
the rate of turnover of liver phospholipids, therefore choline is lipo- 
trophic. 


° J. Animal Sci. (1946), 5, 219. 
4° Ann. Rey. Biochem. (1939), 8, 349. 
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(3) Choline is needed for the Formation of Acetylcholine. To bring 
about choline deficiency in rats it is necessary to feed them on diets 
not only deficient in choline but also low in proteins, so that the amount 
of methionine will be restricted, because it can supply “ labile ’”’ methyl 
and apparently choline can be synthesized from it. The deficiency in 
adult rats causes fatty livers, and if the rats continue to live they 
develop liver cirrhosis and some of them carcinomas of the liver. 


LAB VEX XO 
Choline Content of Animal and Plant Products 
Animal Products 


Choline chloride Choline chloride 
mg. per gm. mg. per gm. 
Fresh Dry Fresh Dry 
Beef steak - » 0-95 3-53 Kidney . ‘ canes i? 14-10 
Brain ‘ ; A EEA) 18:20 Liver : : A Bay? 18-35 
Chops. ; i e077 1-81 Milk, fresh. . 0-147 1-14 
Egg yolk . , ae L731 32°81 eee tied Shute san ks o 1-63 
», albumen . ! — < 005 os » Whole . 1-07 1-10 
Fish, trout : . 0°87 4-89 Cheddar cheese . 0:48 0-70 
Se suapper. - . 0-84 4:12 {Bute : : : — <0-05 
Ham Z : - 0:88 2-00 Cod-liver oil : — <0-05 
Heart ‘ : aes | 11-16 Pancreas : . 3:29 12:60 
Plant Products 
Cereals : Roots (sundried) : 
Barley 1-39 boss Carrots 0-95 vate 
Corn meal 0-42 0:47 Potatoes . ; - 1:06 P31 
Oats : 0-94 1-00 . (sweet) . 0:35 0:36 
Rice (milled) 0-88 1-02 Léaves : 
Wheat 0:92 1:01 Cabbage . — 2:90 
> germ 4:10 4-40 Mustard tops . — PTS 
White flour 0:52 0-57 Spinach . — 2:75 
Pulses : Turnip tops — 2:69 
Cow peas (dried) 2°57 2°84 Rape — 2-86 
Peas (English) . 2-63 2:90 
Peanuts : 1:67 1-74 
Soya beans 3-40 3°58 


A dietary deficiency of choline produces in growing rats hemor- 
rhagic degeneration, especially marked in the kidneys; there is also 
excessive deposition of fat in the liver, and a high increase in the non- 
protein nitrogen of the blood. The kidneys and liver are almost 
double the normal weight, and the fat in the liver may increase from 
a normal of about 5 per cent. to as much as 25 per cent. of the weight 
of the organ. The onset is acute and a high percentage of the rats 
die between the seventh and ninth day after they have been on the 
choline-deficient diet. This condition cannot be produced in rats 
which have ceased growing. 

There is a high incidence in Ceylon of stillbirths and deaths a few 
hours after birth; sections cut from the organs of some of these 


108 TROPICAL NUTRITION AND DIETETICS 


infants showed much fatty degeneration of the liver and hemorrhages 
in the kidney, and other organs. The changes appeared similar to 
those described by W. H. Griffith 4! for young rats on choline-deficient 
diets. Dr. Griffith kindly sent the author microscopical sections from 
the rats; the changes were similar except that there was more cellular 
degeneration in the organs of the infants. The mothers of the infants 
had been on diets more or less vegetarian, and three-quarters of the 
calories were from parboiled rice; these diets were deficient in more 
respects than one, and certainly had a relatively low choline content. 
But there are many causes of fatty degenerations and capillary hemor- 
rhages. 

Sure 42 has found that choline is needed for lactation in rats and the 
prevention of paralysis in suckling rats. 

Table XXX gives the choline content of various foodstuffs. The 
items have been extracted from a table given by Engol.* 


CERTAIN FACTORS NEEDED FOR BLOOD FORMATION 
“Folic Acid ” 


Synonyms ; Pteroylglutamic acid (P.G.A.). Vitamin B,. Vitamin 
M. (Vitamin B,) and B,, needed by chickens). L. casei factor. S. 
lactis R factor. 

Investigators searching for nutritionally essential factors travel 
various paths, and sometimes they strew the literature with many 
terms, which subsequent researches may reveal to be more or less 
synonymous. The search for the factors needed for blood formation 
have been particularly prolific with new terms. 

The search may be considered to have started in 1920 when Whipple “4 
and his associates found that the regeneration of the blood of dogs 
after hemorrhage was markedly accelerated by the administration of 
liver. A few years later Minot and Murphy 4° reported some success 
in the treatment of patients with pernicious aneemia by large quantities 
of raw or lightly cooked liver. Castle 4° in 1929 made an important 
advance when he showed that gastric digestion gave to certain food- 
stuffs a blood forming effect which they did not possess before the 
digestion. His view was that there is an intrinsic factor in the gastric 

*" For references see J. Nutrit. (1941), 22, 239. 
*2 Ibid. (1940), 19, 71. 

*8 J, Nutrit. (1943), 25, 441. 

** Amer. J. Physiol. (1920), 53, 36. 


rv J. Amer. med. Ass. (1926), 87, 470. 
Amer. J. Med. Sci. (1929), 178, 748; Lancet (1932), i, 1198. 
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juice which acts on an extrinsic factor in food to produce a maturation 
factor curative of pernicious anemia sometimes called anti-pernicious 
anemia factor (A.P.A.); further the reserves of the maturation factor 
are stored in the liver. 

This work led to the use of various liver extracts in the treatment of 
pernicious and other anemias. It was soon realized that crude and 
highly purified liver extracts did not always have the same effect, 
pointing to the existence of one or more factors—or of one factor in 
more than one form—in the liver. 

Lucy Wills 4’ as long ago as 1931 found that autolysed yeast (mar- 
mite) was curative for tropical macrocytic anemia of pregnancy. 
P. L. Day 48 and his associates in 1938 found that monkeys on synthetic 
diets containing all the vitamins then known developed both white and 
red cell cytopenia, they considered this was due to a deficiency of some 
unknown factor which they called vitamin M. H. K. Mitchell, E. E. 
Snell and R. J. Williams 4° discovered that a substance present in 
purified extracts of spinach was needed for the growth of Streptococcus 
lactis R, they suggested the existence of a vitamin which they called 
= folic” acid. 

The search for these vitamins likely to have great therapeutic value 
was now being actively pursued by two large teams of workers, one 
at the laboratories of Messrs. Park, Davis & Co., and the other at the 
Lederle laboratories. The former *° isolated a factor from liver 
active in promoting the growth of Lactobacillus casei, and protective 
against anemia in chickens because it is needed for blood formation. 
They called this vitamin B,. They isolated a second factor from yeast, 
and found that it was effective against chicken anemia, but far less 
effective for the growth of L. casei and S. /actis R than B,. However, 
when the second factor was digested with suitable enzymes, it became 
effective for bacterial growth, it was considered therefore to be a B, 
conjugate. 

It is necessary to review a little of the history of a group of sub- 
stances known as pterins, because it has been shown that the bacterial 
growth factors, and vitamin M and B, belong to this group. 

F. G. Hopkins *! discovered about 1896 that xanthopterin was 
the colouring matter in orange winged butterflies. R. Tschesche and 


47 Brit. med. J. (1931), 1059; Indian J. Med. Res. (1932), 20, 391. 
48 Proc, Soc. exp. Biol. N.Y. (1938), 38, 860. 

49 J. Amer. chem. Soc. (1941), 63, 2284. 

5° Pfiffner, J. J. et al. (1943), Science, 97, 404, 

51 Philos. Trans. (1896), B.186, 661, 
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H. J. Wolf 52 used xanthropterin to cure the anemia produced by 
feeding growing rats on a diet of goats’ milk, and suggested that a 
pterin was needed for red blood cell formation. Other investigators 
reported that xanthopterin counteracted the inhibition of growth in 
rats resulting from treatment with succinylsulphathiazole; and that 
it caused reticulocyte response and increase in red and white cells 
in monkeys fed the vitamin M deficient diet.°? 

In 1939 W. Jacobson *4 had reported that the argentaffine (staining 
with silver salts) cells of the gastric mucosa disappear or are far fewer 
in patients who have died of pernicious anemia, and suggested that 
these cells contain a pterin; spectrographic evidence has been forth- 
coming in support of this. 

The isolation, determination of the structure and synthesis of folic 
acid has been carried out at the Lederle laboratories.*° 

There are several compounds having folic acid activity; they are 
compounds of pteroic acid, glutamic acid and p-aminobenzoic acid. 


N N 
HN—( | rst 
NANA as Pree 
O 
H Pteroic acid 
N N 
Er AON O COOH 
sere GRIM rr ctye vik 
YN DS Se, —CNHCHCH.CH,.COOH 
O 
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Pteroyl glutamic acid (C,yH,,O,H;) 


Pteroic acid may be utilizable by bacteria. Pteroyl glutamic acid 
(sometimes designated P.G.A.) has been shown to be vitamin B.. 
Pteroyl heptoglutamic acid, having seven glutamic acid groups, is the 
B, conjugate. Pteroyl triglutamic acid has also been isolated. Very 
many forms of * folic” acid may exist or be synthesized. Among the 
“folic” acid compounds synthesized at the Lederle laboratories is 
pteroyl-gamma-glutamyl-gamma-glutamyl-glutamic acid with the trade 
name Teropterin. 


5? Hoppe-Seyl. Z. (1936), 244, 1; (1937), 248, 34 

*® Totter, J.R. et al. (1944), J. biol. Chem., 152, 

"4 J, Path. Bact. (1939), 9, 1h artic eha ak 
°5 Science (1946), 103, 667. 
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The presence of the p-aminobenzoic acid group in “folic” acid 
explains why the sulphonamide drugs given to rats bring about the 
signs of a deficiency of this vitamin, and why the effects of the drugs 
can be banished by the vitamin (see p. 104). 

Folic acid in conjugate form may not be utilizable until it has been 
acted upon by an enzyme to break it down into simpler form, and a 
bacterium or animal not possessing a suitable enzyme will be unable 
to utilize the conjugate. 

Folic acid (pteroylglutamate) forms orange yellow crystals slightly 
soluble in cold water and more soluble in hot (1—1,000) (PI. I, Fig. 2). 
It forms very soluble salts with the alkalies. 

The administration of folic acid to patients with pernicious anemia, 
nutritional macrocytic anemias, and the anemias of sprue and pellagra 
brings about reticulocyte response with a rapid improvement in the 
blood condition from increase in the hemoglobin and number of the 
red blood cells (see p. 159). Similar effects may be brought about by 
much larger doses of thymine ; ** or by liver extracts free from folic 
acid, indicating the existence of another factor in the liver needed for 
hematopoiesis. *” . 

Castle’s original conception of extrinsic, intrinsic and maturation 
factors, though it was a good hypothesis for future work, may not be 
sufficiently valid to call for its full acceptance in the light of later 
discoveries. 

Liver contains at least two factors needed for blood formation, namely 

folic acid and the more recently discovered vitamin B,, (see p. 112). 


Human Daily Requirements 
The amount needed daily is not known. 


Folic Acid in Foodstuffs 


Table XXXI gives the amount of folic acid in foodstuffs before 
and after enzyme action as determined by microbiological assay. 


56 Spies, T. D. et al. (1948), Lancet, ii, 519 
57 Preparations having vitamin effects at present being used in the treatment of anzemias 

fall under the following headings :— 

. Liver extracts for intramuscular injections. 

. Concentrated liver extracts for injections. 

. Hydrolysed liver preparations for oral use. » aon 

. Powdered preparations of stomach tissue for oral use. Dose 4-1 02. (ventriculin). 

' Folic acid” in several forms. Used for megalocytic anemia, but not for 
pernicious anemia because it is likely to accelerate the onset of neurological 
symptoms. ; 

. Vitamin B,,. (Anacobin), (Cobione). 

All the above are sold under several proprietary names. 


ARWNe 


a 
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TABLE XXXIl 
Before After — 
Enzyme action Enzyme action 
mg./100 gm. mg./100 gm. 
Wheat 2 : : : 0:05-0:15 0-1-0-2 
Potato : ; : , 0-1 0-15 
Cabbage (deep green) . ; 0:02-0-2 0:15-0°5 
Carrot leaves : . 0:3 
TOOLS 0-04 ye 
Asparagas juice , : 0:5 : 
Veaxt sre : ; : : 0:1-0-4 25-0—200 
Lean beef : : 0:01-0:03 
Liver 0:04-0:1 26:0-52:0 
Kidney 0:03-0-4 


Much more work needs to be done before the amounts taken daily 
in various tropical diets can be determined. 

Olson °8 and his associates classify foodstuffs according to the 
amount of folic acid they contain as follows :— 


Very high . . Fresh deep green leaves, liver. 

High . : . Fresh green vegetables, cauliflower and kidney. 
Medium : . Beef, veal, wheat preparations. 

Low . : - Roots, tomato, cucumber, light green leaves, 


bananas, pork, ham, lamb, cheese, milk, pre- 
parations from rice and maize. 


Vitamin B,, 
Synonym : Lactobacillus lactis Dorner (LLD) factor. 


It was soon realized after the discovery of folic acid that there was 
in the liver at least one other factor concerned with hematopoiesis, 
because active purified extracts of liver did not contain folic acid. 
M. S. Shorb * found that L. lactis Dorner (LLD) required for growth 
a factor present in purified liver extracts. 

E. L. Rickes and associates isolated from large quantities of liver a 
few crystals which were actively anti-anemia; and Shorb ® reported 
that microbiological assays showed that the crystals in trace amounts 
had the same growth promoting effect for LLD as purified liver extracts. 
The crystalline factor was tentatively named vitamin Bio. 

About the same time Lester Smith *! isolated from liver a red crystal- 
line material with a molecular weight of about 1,500 and containing 
about 4 per cent. cobalt. The amount of B,, isolated has been of the 
order of 0-25 gm. per ton of liver. The possibility of obtaining the 
vitamin from other sources has been explored by Rickes and his team, 
he reports having isolated a red crystalline substance from cultures of 


°8 J. Amer. Dietet. Ass. (1947), 23, 200. 
°° J. biol. Chem. (1947), 169, 455. 

°° Science (1948), 107, 397. 

** Nature (1948), 161, 638. 
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Streptococcus griseus, which has the properties of the LLD factor, 
contains cobalt, and produces a clinical response in pernicious anzemia. 

Thymine in doses of 6-10 gm., folic acid in doses of 10 mg. and B,, 
in doses of 6-23 ug., produce a similar reticulocyte response in patients 
with pernicious anemia or the anemia of sprue.*2 The reason why 
three distinct substances in vastly different doses should produce a 
somewhat similar effect has yet to be elucidated. 


The Animal Protein Factor (APF) 


This term has been used in a broad sense to include factors which 
apparently occur in far greater amounts in animal products than in 
plant products. 

These factors include vitamin B,,. The existence of other factors, 
named B,;°* and B,4, have been indicated from animal experiments. 

The name APF is unfortunate, because the factors concerned are 
not only multiple or conjugate but have been found in distiller’s 
solubles, cow manure and hen feces where they have undoubtedly 
been formed by bacterial action. This may indicate that fermented 
food has an important place in more or less vegetarian diets. 

APF has been shown to be needed for good growth of rats, 
rabbits, dogs and monkeys, and for good blood formation. It is also 
needed for reproduction and lactation. 


62 Spies, T. D. et al. (1948), Lancet, ii, 519. 
63 Novak, A. F. and Hauge, S. M. (1948), J. biol. Chem., 174, 647. 
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CHAPTER VIII 
VITAMINS (contd.) 
ASCORBIC ACID 


Synonyms : Vitamin C. Cevitamic Acid. 


In 1933, when the nature of vitamin C was discovered, Haworth 
and Szent-Gydrgyi 1 suggested the name “ ascorbic acid.” 

The Committee of the American Medical Association, objecting to 
names connoting definite therapeutic utility, introduced the name 
** Cevitamic Acid.” 

Structure and Synthesis. Although Holst and Frolich? had pro- 
duced experimental scurvy in guinea-pigs in 1907, and much work 
followed, yet very little progress was made for many years towards 
the isolation of this vitamin. 

In 1927 Zilva ® found that foods of high anti-scorbutic value had 
considerable reducing power as determined by the indo-phenol 
indicator. Somewhat later Tillmans and Holst * used this indicator 
to distinguish fresh lemon juice from stale juice which had lost much 
of its anti-scorbutic potency. 

They suggested that vitamin C might be related to a reducing 
hexuronic acid, which had been isolated by Szent-Gyodrgyi from adrenal 
cortex, oranges and cabbage. In 1932 Szent-Gyédrgyi*® in Europe 
and Waugh and King * in America definitely found that the reducing 
hexuronic acid was vitamin C. 

The formula for this acid is C,H,Og. 

Several methods for its synthesis -have been published. It can be 
synthesized commercially at low cost by the catalytic or electrolytic 
reduction of d-glucose to sorbitol, and this is converted to /-sorbose 
then to sorburonic acid and finally /-ascorbic acid. 

C,H,O, has been synthesized in many isomeric forms; /-ascorbic 
acid is the most active physiologically, others have a little activity, 
and some, such as d-ascorbic acid, are inactive, the following are 
structural formule of /-ascorbic and d-ascorbic acids :— 

1 Nature (1933), 131, 23. 

* J. Hyg. Camb. (1907), 7, 634. 

8 Biochem. J. (1927), 21, 689. 

*Z. Unters. Lebensm. (1927), 63, 1. 


° Biochem. J. (1932), 26, 865. 
®° Science (1932), 73, 630. 
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When the vitamin is protected from oxidation it can be crystallized 
from water, alcohol and other solvents. The colourless crystals may 
form dense radiating clusters or plates or needles, depending on the 
solvent and rate of crystallization (Pl. I, Fig. 2). 

Ascorbic acid is very soluble in water (1 in 3), but insoluble in fat 
solvents. It is easily destroyed by oxidation. It is not affected by 
light and very little by heat in acid solutions. It is quickly decomposed 
by oxygen in alkaline solution, but is stable in neutral solutions in the 
absence of oxygen. A trace of heavy metal, such as copper, will 
quickly bring about the oxidation of ascorbic acid. 

Physiological Action. Ascorbic acid readily loses two hydrogen 
atoms to be reversibly oxidized to dehydro-ascorbic acid, the to and 
from reactions between these play a great part in tissue respiration 
for the balance between oxidation and reduction within all the cells 
of the body. 

Assays and Analysis. The guinea-pig was used for the original 
assays. 

Ascorbic acid readily brings about the reduction of many organic 
and inorganic reagents. Most of the work for the determination of 
the amount of ascorbic acid in tissues, blood, urine and foodstuffs 
has been done with dichlorophenol-indophenol,’ a purple-blue dye 
which is readily reduced to a leucobase by the vitamin (see Appendix, 
p. 438). Methyline blue has also been used. There are methods for 
the determination of ascorbic acid by iodine or iodates, which may be 
used to check the dye method. There are reducing substances, such as 


? Butler, A, M., Cushman, M. (1940), J. clin. Invest., 19, 459. 
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glutathione and reductones in organic matter which may interfere in 
these methods, though there are ways of countering the interference. 
Rol and Kerether ® introduced a titration method with 2-4 dinitro- 
phenythydrazine based on the opposite principle, namely the production 
of colour by oxidizer ascorbic acid. The phenol-indophenol method, 
however, is still preferred by the majority of workers. 

Ascorbic Acid in Blood and Urine. The amount of ascorbic acid 
in the blood serum or plasma of persons receiving adequate amounts 
ranges from 0-5 to 1 mg./100 gm. as determined by the dichlorophenol- 
indophenol method, but it increases somewhat above | mg. when 
large amounts—100 mg. or more—are being taken daily. The leuco- 
cytes contain a greater amount ranging from 18 to 24 mg./100 gm. 
Ascorbic acid is rapidly excreted in the urine so that to maintain 
saturation of the blood plasma at about | mg./100 gm. there must be a 
relatively large intake at all meals. 


Effect of Deficiency in Animals 


Scurvy in Animals. Cattle, horses, dogs, cats and other mammals, 
and many other creatures such as birds, cannot be affected by a 
deficiency because they are able to synthesize the vitamin within their 
bodies. The only animals, besides man, in which scurvy has been 
produced are guinea-pigs and monkeys. When guinea-pigs are fed 
on cereal meals and water only they develop a severe scurvy and die 
in 20-40 days. 

Tenderness and swelling of the joints, the gums and the jaws are 
the first symptoms, the animal lies down and takes up postures to 
relieve as much as possible all weight on the tender limbs. The teeth 
become loose and the animal is unable to eat solid food. Hamorrhages 
may occur in any part of the body and a hemorrhagic diarrhcea is 
quickly followed by death. Post-mortem examination reveals hemor- 
rhages in various parts of the body; the teeth are easily extracted: 
the bones are rarefied and readily fracture; and there are entarees 
ments at the costochrondral junctions. 

Monkeys on a diet of boiled rice, wheat germ and autoclaved milk 
show signs of scurvy in 8-10 weeks. There is sponginess and bleeding 
from the gums and the teeth become loose. There may be hemorrhages 
under the periosteum, into the orbit or almost any part of the body 
The hind limbs become powerless, due to bleeding into the knee and 
hip joints. The bones become fragile. 


® J. biol. Chem. (1943), 147, 399. 
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Ascorbic acid appears to have detoxifying functions; it partly 
counteracts the action of the toxin of Corynebacterium diphtheria 
Injected into guinea-pigs; a response to the mildly toxic effects of 
barbitals, terpenes or chloretones given to rats is an increase in the 
urinary secretion of ascorbic acid. 

The failure of wounds to heal and the hemorrhagic congestion in 
Scar tissue of scorbutic patients was frequently noted by past writers 
on outbreaks of scurvy. Numerous experiments with guinea pigs 
have shown that a deficiency of vitamin C prevents or delays the repair 
of injured tissue. Harvey (1929)°® was the first to test the tensile 
strength of scars formed in linear incisions made in the skin of scorbutic 
guinea-pigs, and compare it with the strength of scars of the same age 
in normal guinea-pigs. G. H. Bourne !° has done much experimental 
work on the subject and summarized the literature. He shows a 
correspondence between the ascorbic acid of the blood and the tensile 
strength of wounds in guinea-pigs; ‘‘ when the blood vitamin C was 
less than 0-1 mg. per ml. a wound was likely to have a very low tensile 
strength.” 

Pathology of Scurvy. Although ascorbic acid is needed for vital 
processes in all the cells of the body, yet the pathology of the deficiency 
of the vitamin is mainly restricted to the supporting tissues of mesen- 
chymal origin, namely the bones, dentine, cartilage and connective 
tissue. There is failure of the formation and maintenance of healthy 
intercellular material. The dentine of the teeth and the matrix of 
bone are laid down irregularly and without compactness, and the 
intercellular substances between the endothelial cells of the capillaries 
lack normal solidification. These changes lead to the fragilities and 
hemorrhages of scurvy. 


Units of Ascorbic Acid 


The original “ International Unit” was 0-1 ml. of lemon juice, and 
about 10 units daily are necessary to protect guinea-pigs from develop- 
ing naked eye lesions of scurvy. Most samples of lemon juice contain 
about 0-05 mg. of /-ascorbic acid in 0-1 ml., and hence this amount has 
become the ‘“‘ New International Unit.’ But such a unit is not neces- 
sary now that ascorbic acid is available in pure form, and the vitamin 
potency of foodstuffs should be referred to in terms of milligrams. 


9 Arch. Surg. (1929), 18, 1227. 
1 Lancet (1942), ii, 661, and (1944), i, 688. 
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Human Requirements 


The U.S. National Research Council’s Committee on food and 
nutrition (1945) recommended 75 mg. ascorbic acid for a man’s daily 
diet, and the allowances for other groups as given in Table XLVI, 
p. 314. Doubtless these were intended to be well above minimum 
requirements so as to leave a wide margin of safety. 

Many experiments with human beings have been carried out to 
find the dietary requirements for ascorbic acid. An experimental 
study was organized in 1944 by a committee of the British Medical 
Research Council. An informative preliminary report 1! summarizes 
the results. Twenty volunteers between 21 and 34 years of age lived 
for various periods up to about 2 years on basal diets containing not 
more than about 1 mg. of ascorbic acid daily. Ten received no 
supplement, 7 received 10 mg., and 3 received 70 mg. of ascorbic acid 
daily. 

There were many very interesting results, some of which are 
mentioned on p. 151. Those in respect of requirements may be 
summarized :— 

(1) Those taking no supplement developed signs of scurvy, the first 

case appearing about 18 weeks after the start of the deprivation. 

(2) A supplement of 10 mg. protected all the 7 volunteers throughout 

the period of observation, which, in the case of 3 of them, extended 
to 424 days. 

(3) A supplement of 10 mg. cured clinical scurvy in all 6 of the 

patients treated, who had previously been on no supplement. 

Although the level of ascorbic acid in those on a supplement of 
10 mg. daily fell to less than 0-1 mg. per 100 gm. in the plasma and to 
between 1-5 and 3 mg. per 100 gm. in the white blood cells, yet none 
of the volunteers showed any signs of ill-health which could be attributed 
to a deficiency of ascorbic acid. 

The recommendations for 75 mg. or more of ascorbic acid are based 
on the opinion that it is desirable to maintain a high level of ascorbic 
acid in the plasma and white blood cells. But there is no evidence of 
any evil effects of comparatively low levels. 

Large numbers of people pass what appear to be healthy and 
active lives on low intakes of ascorbic acid, among these are the Eskimos 
and many races living in more or less arid countries. 

The recommended allowance of 25 gm. daily and the others given in 


' Lancet (1948), i, 853. 
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Table XLVI, p. 315, are adequate under most conditions in the tropics. 
But it must always be remembered that stresses, due to disease, or 
unusual exposure and activities may call for larger amounts. 

The treatment of surgical patients with large doses of ascorbic acid 
is a therapeutic matter. 

There is no doubt that a number of substances at present included 
under the term “‘ Vitamin P” (see below) have a sparing effect on 
ascorbic acid protecting it against rapid destruction in the blood and 
tissues or enhancing its physiological function. When more is known 
about “ vitamin P” it may be found that it should be taken into 
account when assessing ascorbic acid requirements. 


Ascorbic Acid in Foodstuffs 
Table XXXII gives the ascorbic acid content of many foodstuffs 
(see also Table LXI et seq., p. 402 et seq.). 


TABLE XXXII 
Average Amount of Ascorbic Acid in Foodstuffs 


Mg. per Mg. per Mg. per Mg. per 

Rich sources : 100 gm. oz. 100 gm. oz. 
West Indian Cherry 

(Malpighia puncifolia) 22,500 700 Lotus leaves : ae 40 
Unripe walnuts (pickled) . 1,000 285 Guava fruit 2 = gett 40 
Indian gooseberry fret) . 700 200 Chillies : 5 Abe 40 
Cashew fruit : . 600 170 Ipomcea leaves . - 100 28 
Rose hips. . : . 500 140 Drumsticks . 00 28 
Jubjube (Zizyphus) : OU 140 Spinach . : . 100 28 
Black currants . , 2 200 85 Pine needles : . 100 28 
Mulberry leaves . ‘ . 200 55 
Fairly rich sources : 
Mustard leaves . . 90 the Snake gourd ° ee 9 
Cabbage and other leaves 0 8-5 Ridge gourd : 5, ahh) 9 
Hog plums pons) : . alt 14 Green peas : sh) 7 
Papaw : ; . 250 14 String beans . mh 925 q/ 
Strawberry . : ; * Gel 14 Gooseberry 
Sprouted grain . : 50) 14 Custard apple | 
Chestnut (Castanea) . 5 Ale 14 Beetroot | 
Citrus fruits Garlic r 2 ly 6 

Orange . ; ; yl, 14 Potato 

Lemon . ; ; Fe RLY 14 Sweet potato | 

Lime 50 14 Granadilla 
Chinese gooseberry (Ay errhiea) 50 14 Liver ‘ : se aly 6 
Mango ; 40 11 Fish roes_ . : ae 4 
Bitter gourd . ' eS OU 9 
Poor sources : 
Kidney ; ; ; », 0 3 Fish (fresh) 
Melon ‘ ‘ , . 10 om Grapes 
Pumpkins . F ; ; 10 3 Jak fruit 
Coconut. , : 7 3 1 Meats (beef, etc.) 2-5 \ 
Ladies fingers ; ‘ ; 3 1 Milk 
Apples Peaches 
Bananas Pears 
Bread ‘ ; . 2-5 ] Pulses (dry) 
Bread fruit 


Cucumber 
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It will be noticed that many of the best sources are fruits and vege- 
table leaves which are apt to be despised because they are not very 
palatable, and some of the most palatable are poor sources. 


Effect of Storage, Cooking and Preparation of Foodstuffs 


Ascorbic acid may easily be destroyed by oxidation, which may be 
enhanced by high temperatures, drying or an alkaline medium. It 
follows that much of the vitamin in foods may be destroyed during 
storage or cooking. Being the most easily destructable of all vitamins, 
it may be considered a token vitamin when studying the effects of 
various forms of commercial or domestic processing of foodstuffs 
(see Chapter X). 


VITAMIN P 
*¢ Citrin ” 

In 1936 Szent-Gyérgy '* found that Hungarian red pepper and 
lemon juice contained substances other than ascorbic acid which could 
control the hemorrhages occurring in the course of a variety of con- 
ditions. It was suggested that these substances were flavonones or 
flavonone glycosides. Scarborough ?° carried out some experiments 
on patients who had abnormally high capillary fragility, which appeared 
from the clinical histories to be related to dietary deficiency. He used 
various mixtures of known vitamins, and several extracts of flavones 
from oranges prepared after the methods of Szent-Gyérgy. A definite 
increase in the resistance of capillary walls to the application of positive 
and negative (suction) pressure was obtained only in those instances 
in which extracts containing flavonone were used, whether given by 
mouth, rectum or injected. The administration of ascorbic acid 
failed to produce this beneficial result. 

The preparations of Szent-Gyo6rgy, called citrin, have been found 
to contain two active substances (which are closely allied to the 
flavonones), hesperidin and an eriodictyol glycoside. 

In recent years many substances have been shown to have vitamin P 
activity—that is to lessen capillary fragility—including several cate- 
chins, rutin, esculetin, and various derivatives of hesperidin. There 
appears to be little doubt that these in some way or other act in con- 
unction with ascorbic acid. From experimental evidence it has been 
suggested that these substances act by retarding the oxidation of 


2 Nature (1936), 138, 27. 
‘8 Biochem. J. (1939), 33, 1400. 
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ascorbic acid within the body, thus prolonging the storage and having 
a sparing effect on the vitamin, indeed the name co-vitamin has been 
proposed for substances having vitamin P activity. 

Ascorbic acid has interactions with epinephrine, and another sug- 
gestion is that vitamin P activity preserves epinephrine. 

The flavonol glycoside rutin, found in many plant products and 
particularly in buckwheat, has attracted considerable attention. 
Griffith ‘4 and associates showed that it decreased capillary fragility 
but only when the fragility had been previously increased. Thus 
it may be able to counteract the fragility caused by various 
drugs. 

That substances other than ascorbic acid are concerned with counter- 
acting capillary fragility is without doubt, but the matter is so involved 
that it has been suggested 1° that it is unsuitable to deal with it under 
the term vitamin P, and therefore the term should be dropped. 


VITAMIN D 
(Calciferol) (Viosterol) 


The clinical evidence that rickets was due to a dietary deficiency 
did not bring conviction, and it was not until between 1919 and 1921, 
when Mellanby,'* experimenting with puppies, showed that the disease 
was definitely of dietary origin, and he thought that the antirachitic 
factor was probably vitamin A. 

But it was shown in America that certain foods which were rich in 
vitamin A would prevent rickets and further that Hopkins’ method of 
destroying vitamin A by blowing hot air through cod-liver oil did not 
affect the antirachitic property of the oil. For these and other reasons 
a second fat soluble vitamin was postulated in 1922 and called 
vitamin D. 

As long ago as 1890 T. A. Palm?’ had pointed out that the 
geographical distribution of rickets suggested that it was in some way 
prevented by sunlight and advocated the exposure of rickety children 
to the sun. When the first World War brought many deprivations to 
the people of Europe, rickets became rife and the Jewish physician, 
Huldschinsky, in 1919 tried the experiment of exposing the affected 
children, not to sunlight, but to the ultra-violet rays of the mercury 


14 Proc. Soc. exp. Biol. (1944), 55, 228. 

15 Nutrit. Rev. (1948), 6, 324. 

16 “heii (1919), F 407, and Sp. Rep. Ser. Med. Res. Counc. (Lond.), No. 61. 
17 Practitioner (1890), 45, 271. 
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vapour lamp, and the children were cured. Dr. Harriette Chick and 
her colleagues, working in war-ruined Vienna, had similar successes. 
The next development came when it was shown that certain foods 
which are inactive become actively antirachitic after irradiation with 
ultra-violet light. 

The biochemists of Europe and America were slowly coming to 
the conclusion that vitamin D belonged to that group of fat soluble 
substances called sterols. It was found that when inactive commercial 
preparations of cholesterol were irradiated they became highly anti- 
rachitic, but very pure preparations of cholesterol were valueless for 
this purpose: therefore it appeared probable that some other sterol 
present as an impurity was the provitamin. This led biochemists to 
irradiate and test various sterols for curative properties on rachitic 
rats. 

Many years ago a sterol was isolated from ergot—the fungus of 
rye—and called ergosterol; and it was found independently by 
Bourdillon and his team in London and Windaus and his team in 
Germany that irradiated ergosterol is potently antirachitic. The 
chemistry, however, is far from simple. 

Chemistry of Vitamin D. Egosterol and one form of the active 
vitamin have the same formula C,,H,,O. Many isomers may have 
this formula, and irradiated ergosterol consists of a mixture of these. 
It was not until 1932 that the London and German teams mentioned 
above isolated pure vitamin D from this mixture. The London workers 
gave the name calciferol to this crystalline synthetic vitamin D. 

The structure of ergosterol and calciferol are as follows: 
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Irradiated ergosterol (calciferol) 


It will be seen from the above structural formule that ergosterol 
has three double bonds and that on irradiation calciferol is formed 
by the opening of the ring marked B and the appearance of a fourth 
double bond. 

At one time it was believed that calciferol was the only form of 
vitamin D, but doubt arose when it was found that irradiated ergo- 
sterol was far less potent as a calcifying agent for the chicken than its 
equivalent in cod-liver oil on a rat assay basis. This discovery was 
followed by the semi-synthesis of 7-dehydrocholesterol, which on 
irradiation was found to become actively antirachitic and to be a more 
potent calcifying agent for the chicken than calciferol. It has been 
shown that 7-dehydrocholesterol and not ergosterol is the provitamin 
of commercial cholesterol and that it is the principal form of vitamin D 
in butter and fish oils, and also it is the provitamin in the skin of man 
and animals which sunlight changes into the active vitamin. Another 
sterol, 22-dihydro-ergosterol, on irradiation becomes antirachitic 
though not quite so potently as the two sterols already mentioned, 
but it is of the greatest interest to us because it occurs among the 
phytosterols of the plant kingdom and may be found to be important 
in the more or less vegetarian diets of the labouring classes of many 
tropical countries. 

As already stated, irradiated ergosterol consists of a mixture of 
isomers and at no time during irradiation does any particular isomer 
preponderate; if irradiation is carried out too strongly, or too long, 
poisonous products occur in the mixture. 

The following are four important forms of vitamin D:— 
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(1) Vitamin D, was the name given to irradiated ergosterol and 
therefore is a mixture of isomers. - 

(2) Vitamin D, is calciferol and when dissolved in oil is called 
viosterol. 

(3) Vitamin D, is irradiated 7-dihydrocholesterol. 

(4) Vitamin D, is irradiated 22-dihydrocholesterol. 


Apart from these, six or more other sterols have been shown to have 
antirachitic properties, but they are of lower potency. . 

Action of Vitamin D. It is indirectly concerned with the formation 
of hard healthy bones and teeth and has been called the antirachitic 
vitamin. 

The present view of the action of vitamin D is that it does not act 
directly on the bone cells to promote calcification, but that it promotes 
absorption of calcium and phosphorus from the alimentary tract and 
maintains a concentration of these minerals in the blood within normal 
limits unless it is taken in excess. How it does this is not understood. 
The following points are stated in support of the above view:— 


(1) In rachitic children and animals the amounts of calcium and 
phosphorus in the blood are below normal; and when excess 
of vitamin D is given these minerals are increased in the blood 
above normal. 


Mg. P in 100 Mg. Ca in 100 
c.c. blood c.c. blood 
Rachitic (no vitamin D) . , 3 7 
Normal (with vitamin D) Z 4-5 10 


Hypervitaminosis (excess vitamin D) 8 US 
(After Eddy and Dalldorf) 


(2) Analysis of the feces of rachitic children and animals shows 
that 90-100 per cent. of the calctum and 60-70 per cent. of the 
phosphorus of the diets is being excreted, whereas when the amount 
of vitamin D in the food is satisfactory the percentage of these 
minerals passed in the feces is much less. 

(3) A bone removed from a rachitic animal and placed in normal 
serum will take up and deposit calcium and phosphate salts; 
it will even do this in aqueous solutions but only if the minerals 
are in the correct proportions. Vitamin D is not necessary for 
this action. 

The enzyme phosphatase is present in growing bone and plays a 
part in calcification in that it releases inorganic diffusible phosphates 
from organic phosphates. In rachitic subjects this enzyme passes in 
greater quantity than normal from the bones to the blood and sets 
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free inorganic phosphates. The increase in phosphatase in the blood 
has been used as a test for rickets. 

The function of vitamin D to maintain proper amounts of phosphorus 
and calcium in the blood is necessary for good health at all periods of 
life because calcium has many parts to play, such as the regulation of 
the heart rhythm, the control of muscle and nerve excitability, the 
coagulation of the blood to protect against hemorrhage, the excretion 
of urine and the control of membrane permeability. 

Bile salts are necessary for the proper absorption of vitamin D from 
the intestine. 

Rickets in Animals. The disease has always been common in 
domesticated dogs (PI. Il, Fig. 4). The reason is that dogs in 
their wild state, as with all other carnivorous animals, obtain ample 
quantities of minerals and vitamin D from the bones and bodies of 
the creatures on which they feed. Man has weaned the dog to an 
omnivorous diet, but its constitution has not become as physiologically 
adapted to this diet as is the case with some rodents which in the wild 
state are omnivorous. 

Rickets can be produced in rats and rabbits only under strict labora- 
tory conditions, their bodies can make shift with very small amounts 
of vitamin D provided they are receiving ample minerals, and the ratio 
of calcium to phosphorus is in the neighbourhood of unity. In most 
of the studies of rickets in rats the animals have been fed on diets with 
a ratio of Ca : P of 4: 1 or even higher, and the type of rickets produced 
may be called /ow phosphorus rickets. 

In rickets in animals there is a varying mixture of rachitic and 
osteoporotic changes; the former term refers to the changes at the 
growing ends of the bones where there is enlargement and softening 
from the laying down of much uncalcified osteoid tissue, and the 
latter term refers to absorption of minerals from bone already laid 
down, thus leading to loss of weight, rarefaction and fragility of the 


bone. 


Deficiency of Vitamin D in Man 

Rickets in children and osteomalacia in adults are two general 
bone diseases associated with vitamin D shortage. The latter disease 
occurs principally in pregnant or lactating women, whose bodies must 
supply the needs of their children. In both diseases the ash which 
normally constitutes about 60 per cent. of bones is reduced, sometimes 
to as low as 30 per cent. or even less. 
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The common changes in the skeleton of rachitic children are (PI. H, 
Fig. 5):— 

Skull : Protruding forehead with cruciform depressions along the 
sutures, the child has a ‘‘ box-headed *” appearance and the 
anterior fontanelle remains widely open after the normal 
time of closure at the 18th month. 

Chest: A line of enlargement at the costochondral junction of 
the ribs gives rise to what is called the “ rickety rosary.” 
The softened ribs cave in from muscular action and cause 
“pigeon chest’? with broad grooves running antero- 
laterally on either side of the chest (Harrison’s sulcus). 

Limbs : There are irregular enlargements of the epiphyses which 
may be especially marked at the wrists or ankles; the 
femur curves forwards and outwards; and bending of tibia 
may cause bow legs or knock knees, according to the 
directions of the bending. 

Spine : Kyphosis occurs from curvature of the vertebral column. 


Eruption of the teeth is delayed in rachitic children. (For ages at 
which the teeth normally erupt, see Appendix IV, p. 438.) 

A child may be receiving insufficient vitamin D for several months 
before the changes slowly taking place in the bones can be revealed 
by inspection or palpation. A diagnosis of incipient rickets may be 
based on X-ray photos of the wrist where the earliest changes show 
cupped and ragged metaphysial margins with lack of normal density 
of the shaft of the bones. 

Hypoplasia and Decay of the Teeth. There are many advocates 
that vitamin D deficiency is a frequent cause of disorders of the teeth 
among the children of the temperate climates. But these changes in 
the teeth are prevalent among the labouring-class children in the tropics, 
who show no signs of rickets and spend much time in the sun, and the 
fault is far more likely to be due to other causes (see p. 168). 

The most serious effect of osteomalacia in women is due to the 
weight of the body and muscular action distorting the pelvis and 
narrowing the transverse dimensions of the pelvic opening, so that it 
becomes impossible for a woman to give natural birth to a child. 

Rickets and Osteomalacia in the Tropics. It has already been 
stated that these diseases are far more common in temperate climates 
than in the tropics. Some of this, however, is more apparent than 
real in respect of infants, because infantile mortality is very high in 
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hot climates, an ailing child usually dies of general malnutrition or an 
intercurrent infection long before marked signs of rickets can develop. 
Minor degrees of “ rickety rosary” and enlargement at the epiphyses 
may be found at post-mortem in the bones of many infants who have 
died of malnutrition. As the infants of the labouring classes learn 
to walk and get about in the sun any minor defects from vitamin D 
shortage quickly disappear. : 

Rickets appears among older children in the tropics when a sufficiency 
of sunlight fails to reach them. This occurs in the slums of such large 
towns as Bombay and Calcutta, where direct sunlight falls upon the 
narrow streets only for a short time each day and cannot reach the 
interior of the dark dwellings. Other cases occur among poor-class 
children who have been confined for a long time to bed because of 
some chronic illness or injury. 

Although there is a free supply of vitamin D from sunlight available 
for all living in the tropics, yet in some countries there are people who 
are so swayed by ignorant prejudices or caste lore, that they guard 
their women (and in some cases their children) from the health-giving 
rays of the sun. Osteomalacia occurs among the middle-class women 
who practice purdah and are never allowed to leave the confines af 
dark dwellings and cannot afford the expensive animal products which 
contain vitamin D. The practice of purdah occurs among the better 
class Mohammedans of Egypt, India and elsewhere; but the exigencies 
of life in the tropics deny the labouring classes the extreme forms of 
this unhealthy practice. 

Exceedingly rare cases of osteomalacia or rickets have been reported 
from conditioned deficiencies of vitamin D in renal disease, hyperpara- 
thyroidism, steatorrhea and an inherent resistance to the action of 
vitamin D of unknown cause. The latter can be counteracted by 


enormous doses of vitamin D. 


Standard of Measurement 

The International Unit is that amount of vitamin D in 1 mg. of a 
solution of ergosterol irradiated under defined conditions. This is 
equal to 0-025 gm. of crystalline calciferol. The unit of the United 
States Pharmacopeeia is differently defined, but it is equivalent to the 


International Unit. 
Human Requirement 


Three hundred international units (7-5 pg.) of vitamin D daily as 
found in fish-liver oils will effectively protect an infant or child from 
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rickets. Much larger amounts are required to cure the disease, and 
at least 4,000 units should be given daily. 

There are vast numbers of children of the labouring classes in the 
tropics who receive little, if any, vitamin D in animal foodstuffs and 
yet become adults without ever showing signs of rickets. Their supply 
of this vitamin comes entirely from the sunlight, partly through the 
irradiation of their skins and probably to a smaller extent from the 
irradiation of their foodstuffs. 

The ultra-violet rays of the sun do not penetrate deeply and their 
actions on black skins is probably confined to the surface; and it 
appears that vitamin D is formed in a film of secretions from the 
subaceous glands and absorbed from the surface of the skin. That 
such absorption can take place is indicated by the fact that rachitic 
puppies can be cured by applying fish-liver oil to their skins. 

Some tropical races have the good practice of anointing their 
children with gingelly or other oil and allowing them to play naked in 
the sunlight. 

Storage of Vitamin D in the Body. There is a considerable store of 
this vitamin in the body of the well fed. This is important in the case 
of pregnant women because part of their stores must be transferred to 
the developing infant. The children of women who have been on 
diets deficient in vitamin D are particularly liable to become rachitic, 
and this liability is increased if the diets have also been deficient in 
calctum or phosphorus. 

Hypervitaminosis. Vitamin D has been shown to have toxic effects 
when taken in excess. Enormous doses in animals are followed by a 
great increase in the amount of calcium and phosphorus in the blood, 
and this leads to exaggerated calcification; the bones become denser, 
deposits of calcium around the roots of the teeth anchor them to the 
jaws, the blood vessels become calcified, these changes when extreme 
quickly lead to death. 

Signs and symptoms in overdosed children have been described as 
follows: vomiting and diarrhoea with frequent micturition, neuralgia, 
headache and dizziness with tenderness of the gums and teeth and 
pain in the muscles and joints; these quickly disappear with the 
discontinuance of the drug. As to the toxic dose, the evidence is 
conflicting, because some of the instances of toxicity appear to have 
been due to toxic sterols produced in improperly irradiated ergosterol. 
In the rat, doses up to one hundred times the protective dose do no 
harm, but much larger doses are definitely injurious. If this is applicable 
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to children the quantity of fish-liver oil necessary to cause harmful 
effects is so large that a child is unlikely to be given a toxic amount; 
but with proprietary preparations of irradiated ergosterol some care is 
necessary. 

Methods of Assay. There are at present no chemical tests for the 
determination of this vitamin. Spectrographic determinations can be 
made but are not entirely satisfactory. Most estimations are therefore 
by biological assay testing the amounts needed to cure rickets in — 
animals, the rat is the animal most frequently used. 


Vitamin D in Foodstuffs 


The richest sources of vitamin D are fish-liver oils and to a less 
degree fish-body oils. Other foodstuffs which have fair amounts are 
butter, egg yolk and the livers of mammals and birds. 

It has been generally believed that vegetable foodstuffs alone cannot 
supply a sufficiency of vitamin D for a growing child. Doubtless this 
is correct in respect of foodstuffs grown in temperate climates, but 
foodstuffs exposed to the sunlight of the tropics may contain appreciable 
amounts of vitamin D. It has been found that cocoa butter and even 
the shell of the cocoa bean are very rich in vitamin D. The beans 
from the cocoa pod are prepared for the market by fermentation at 
fairly high temperatures, and then the beans are dried in the sun for 
several days which activates the 22-dihydrocholesterol of the cocoa 
butter to produce vitamin D,. 

Further, appreciable quantities of vitamin D have been found in 
edible fungi and grasses. 

The amount of vitamin D in various foodstuffs is given in Table 
XXXII. 

TABLE XXXIII 








Vitamin D Vitamin D 
Units Units Units Units 
per per per per 
100 gm. OZ. 100 gm. Oz. 
ish- i — - Milk (winter) . 0:3-1-7 0-1-0°5 
— 50,000 ie te 3 case (| 25-40 | 0-7-1 
Fish-liver oils . | 2,000- 550- Edible fungi ? 60-100 17-27 
25,000,000 | 7,000,000 | Cocoa butter. 30,000 8,000 
Butter (winter) . 15-30 4-8 » Shells i 3,000 800 
, (summer) . 40-100 12-27 Hay ; : 6 1-7 
Eggs (yolk) . | 100-500 27-140 | Grass : : fl 20 
Mammalian liver. 10-50 3-14 
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VITAMIN E 
Tocopherols 


Mattill and Conklin 18 (1920) found that rats reared on whole milk 
grew well but were sterile, and they suggested that milk lacked a vitamin 
needed for reproduction. Evans and Scott * (1922) showed that rats 
fed on a diet containing all known essentials became completely sterile in 
the second generation, and further, they discovered that the unknown 
substance was present in fresh lettuce, wheat embryo and dried alfalfa. 
It was also shown that the factor in question was fat soluble, Sure *° 
(1923) suggested the name vitamin E, and this was universally adopted. 

Chemistry. Evans 2! and his associates (1936) isolated several fat 
soluble alcohols from wheat-germ oil. He called these tocopherols 
(tokos—childbirth; phero—to bear; ol—alcohol), and the one which 
was most active physiologically was named alpha-tocopherol. The 
formula suggested was Cy ,H,,O2. Before the structural formula had 
been worked out, Karrer 22 and his associates synthesized the vitamin 


by condensation of trimethyl hydroquinone with phytyl bromide, zinc 
chloride being the catalyst. 


The structural formula is: 
CH; 


bon, 
ye 
HOC a. Goer: 
| || | /“CH 


Oy Or CH, 
3 | 
CH,—C_ oC SAC .CH(CH),CH(CH),CH—CH, 


Alpha-tocopherol is a non-crystallizable yellow oily substance. 


Three other tocopherols 8, y and 6 occur in foodstuffs, but they 


have less physiological activity than «-tocopherol. All 


) are anti- 
oxidants. 


Effects of Deficiency in Animals 


Vitamin E deficiency in adult rats causes female and male 
sterility. 


18 J. biol. Chem. (1920), 44, 137. 

19 Science (1922), 56, 650. 

0 J. biol. Chem. (1923), 58, 693. 

21 Thid. (1936), 113, 319. 

*? Helv. chim. Acta (1938,) 21, 520. 
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Female Sterility. Matings are successful with implantation of a 
fertilized ovum. Development of the foetus becomes retarded at about 
the 8th day after gestation, and the foetus dies on about the 13th day 
and is resorbed, the process being completed by about the 20th day. 
This sterility can be cured by ingestion of vitamin E. 

Male Sterility. Diets lacking vitamin E cause sterility in adult rats 
in 90-150 days. The process is much quicker when young rats are 
weaned on the deficient diet; and quicker still when their lactating 
mothers have received the deficient diet. There is degeneration and 
removal of the germinal epithelium of the testes. The germ cells 
degenerate in the reverse order of their formation, mature spermatozoa 
disappear before there are marked changes in the epithelium of the 
tubules. The administration of vitamin E does not lead to regeneration 
within the tubules, hence this sterility is incurable. This is one example 
of many of an irreversible action of a vitamin deficiency. 

Although female mice lose reproductive power on vitamin E deficient 
diets as readily as rats, yet male mice appear to require far less of the 
vitamin proportionally to their size than rats, and on diets deficient in 
this vitamin they do not readily become sterile. 

Muscular Dystrophy. When young rats are suckled by vitamin E 
deficient mothers they acquire a weakness of the hind quarters which 
become paralysed. This is due to degeneration and necrosis of the 
muscles. Under similar conditions puppies will also show muscular 
dystrophy. 

Encephalomalacia. Chickens fed on certain diets containing cod- 
liver develop a staggering gait and marked tremors, and at post- 
mortem extensive degeneration of the cerebellum is found. This 
condition can be prevented by the inclusion of «-tocopherol in the diet. 


PHYSIOLOGICAL ACTION 


The most striking property of the tocopherols is their antioxidant 
activity, and their physiological actions appear to be due to this pro- 
perty. Vitamin E is particularly concerned with fat metabolism. It 
has antioxidant activity during digestion, mobilization, metabolism and 
storage of fats. The changes in the sexual organs and the muscular 
dystrophy of rats and the encephalomalacia of chickens on vitamin E 
deficient diets are due to abnormal oxidation products of unsaturated 
fatty acids. ; 

It also aids in the utilization of proteins, as indicated by its protective 
effect for rats on certain low protein diets, 
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One of the important actions of vitamin E is the protection from 
oxidation of vitamin A and carotene. As with fats this takes 
place from the digestive tract to the storage in the tissues. Thus a 
liberal supply of vitamin E enables animals not only to subsist on very 
small amounts of vitamin A but also to accumulate reserves in the 
liver. It is facts like these of the interactions among nutrients, which 
makes it impossible to lay down hard and fast rules concerning require- 
ments of any particular nutrient. 

The results of many past biological assays of vitamin A are invalidated 
because the amounts of vitamin E in the diets were unknown. 

Stomach ulcers have been found in rats on various deficient diets 
including those low in protein, pyridoxine, essential fatty acid or 
vitamin A; E. L. How and associates showed that these ulcers could 
be cured or prevented by vitamin E. 

Although the physiological activity of «-tocopherol is greater than 
the other tocopherols yet the antioxidant property is of the same 
order for them all, the reason of this is unknown. 


Effects of Deficiency of Vitamin E in Man 


The results of animal experiments naturally directed attention to 
sterility in both sexes, abortion in women and the muscular dystrophies. 
The administration of large doses of vitamin E or the synthetic «- 
tocopherol has no effect in sterility or the muscular dystrophies, but 
there has been a considerable measure of success in treating women 
subject to habitual abortion from unknown cause. It does not 
necessarily follow from this that the women with habitual abortion 
have been consuming diets deficient in vitamin E, the results are more 
likely to be due to pharmacological action. 

Methods of Assay. Biological assay to determine the amount of 
the vitamin which will prevent the resorption of the foetus in vitamin E 
deficient female rats has been the commonest method used. 


Chemical methods have been elaborated, but are not entirely satis- 
factory. 


Units of Measurement 


a 
Evans suggested a unit based on biological assay, but it has not been 
adopted. 
At the instance of the League of Nations a London Committee 
from the Lister Institute and Medical Research Council recommended 
that the synthetic racemic -«-tocopherol should be adopted as the 
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international standard for vitamin E and the unit should be 1 mg. of 
the acetate, which is about the average amount which prevents resorp- 
tion of the foetus in rats deprived of vitamin E. 


Human Requirements 


These are unknown, but, judging from animal experiments, 0-35 mg. 
per kg. body weight may be suggested. 


Effect of Storage and Cooking 


The vitamin is very stable and is not destroyed by heat up to 200° C., 
it is not destroyed by aeration or light, it can withstand saponification 
and hydrogenation of the oil in which it is dissolved. It follows 
from this that neither processing, storing or cooking food is likely to 
affect the content of vitamin E. But there is the exception to this 
general stability: although it may protect oils from rancidity, yet it is 
easily destroyed in oils which have become rancid. 


Vitamin E in Foodstuffs 


This vitamin is very widely distributed among foodstuffs. Leaves 
and the embryos (germs) of cereals and pulses are particularly rich. 
About 55 per cent. of the vitamin in cereals occurs in the germ, the 
outer coats of the grain are also fairly rich in it, but there is very little 
in the endosperm, hence white bread and highly milled rice are deficient 
init. Wheat-germ oil has been widely used for the therapeutic adminis- 
tration of vitamin E. 

Man is unlikely to suffer from a deficiency of this vitamin. But 
the possibility of destruction of the vitamins in rancid fats and faulty 
absorption from the intestine should be borne in mind. 

Table XXXIV gives the vitamin E content of a few foodstuffs. 


TABLE XXXIV 


Vitamin E 
gm. per 100 gm. 

Wheat germ . ; : ‘ ‘ 0-02-0-03 

es PO : : : 0-15-0-5 
Maize oil ; , : : j 0-25 
Linseed oil : ; ‘ 0-023 
Ground-pea oil : : ; : 0-015-0:022 
Palm oil E - F : ! 0:10 
Peas and beans : : : ; 0-005 
Green leaves . : . : : 0-002-0 01 
Unsaponifiable fraction of vegetable 

oils . . ‘ , ; : 4-14 

Meg./gm. 


Liver . ‘ . ° 0 
Serum . , : : . : 0: 
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VITAMIN K 


(Anti-hemorrhagic Vitamin) 
(Menadione) (Methyl-naphthoquinone) 


A nutritional disease of chickens characterized by numerous hemor- 
rhages leading to anemia and death was described in 1929 by Henrick 
Dam 2° of Denmark as the result of feeding chickens on a fat-free 
diet. This was confirmed and the disease described in more detail 
by Holst and Halbrook 74 (1933). Dam *° (1935) reported that the 
antihemorrhagic factor was fat soluble, not a sterol and was un- 
saponifiable, and suggested the name “ vitamin K ” (Koagulation). 

Chemistry. It has gradually been discovered that a number of 
quinones or substances which give rise to suitable quinones in the 
body, can act as the antihemorrhagic vitamin or provitamin. A 
preparation which was found to be highly effective in preventing 
hemorrhage in chickens was an hexane extract of alfalfa. A little 
later it was discovered that chicken food containing fish meal, from 
which the vitamin K had been extracted, when kept in a moist condition 
for a few days became protective against hemorrhages in chickens; 
it was apparent that bacterial action had produced vitamin K in the 
fish meal. The vitamins of alfalfa and decaying fish are two different 
quinones. In 1939 Almquist and Klose *° found that the synthetic 
2-methyl-1 : 4-naphthoquinone had high vitamin K potency. Thus 
the first three vitamins K to be recognized were: 

(1) Vitamin K, 2-methyl-3-phytyl-1 : 4-naphthoquinone from alfalfa. 

This is also called phylloquinone. 

(2) Vitamin Ky, is 2 : 3-difarnesyl-1 : 4-naphthoquinone from decay- 

ing fish. 

(3) Vitamin Kg is the synthetic 2-methyl-1 : 4-naphthoquinone. 

The empirical formula of K, is C3;H4,.Ov. 

It has been suggested that phthalic acid is the biologically active 
substance because all vitamins K are easily oxidized to this acid.2? 

The vitamins K are yellow crystallizable substances soluble in oil 
but insoluble in water. They require bile salts for their absorption 
from the intestine. Hydrochloride, sulphate and phosphate esters, 


28 Biochem. Z. (1929), 215, 475. 

4 Science (1933), 77, 354. 

28 Nature (1935), 135, 652. 

*8 J. Amer. chem. Soc. (1939), 61, 1611. 
*? Nature (1943), 151, 586. 
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are prepared synthetically, are water soluble and are absorbed from 
the intestine in the absence of bile. 

Very little vitamin K is stored in the body. 

Action. Vitamin K is needed for the proper formation of pro- 
thrombin, but the manner in which this is brought about is not known. 
Prothrombin is formed in the liver and a deficiency of vitamin K 
inhibits this. 


Effects of Deficiency of Vitamin K in Animals 


A hypoprothrombinemia follows a deficiency in animals and birds, 
and the lowered clotting power of the blood leads to hemorrhages and 
death.** There is difficulty in producing deficiency in animals because 
of refection (see p. 67); the intestinal bacteria synthesize sufficient 
for animal needs. 


Effects of Deficiency in Man 


Vitamin K deficiency due to a scarcity of it in human diets has not 
been reported and it is unlikely to occur because of refection. But 
there are two well-marked types of conditioned deficiencies which are 
followed by hemorrhagic diatheses. 

(1) Due to Inadequate Intestinal Absorption of Vitamin K. This is 
the result either of insufficient bile salts in the intestine, such as occurs 
after obstruction of the bile duct, or of various intestinal conditions, 
among the latter are intestinal obstruction, surgical short-circuitings, 
dysentery and sprue. In all these conditions there is a deficiency of 
prothrombin in the blood. In cases of obstructive jaundice the pro- 
thrombin can be raised to normal by the administration of 2-3 mg. 
of menadione with 5-10 gr. of bile salts daily; prior to the introduction 
of this treatment patients undergoing operations for obstruction of 
the bile passages were at serious risk of severe hemorrhage. When 
there is disease of the intestines one or other of the soluble preparations 
of vitamin K may be indicated intravenously or intramuscularly. 9 


*® There is a disease of cattle known as “ sweet clover disease ” which arises from the 
ingestion of improperly cured sweet clover hay or silage. This disease is due to the poison- 
ous substance 3,3-methylene-bis-(4-hydroxycoumarin), called for short dicoumarol, appear- 
ing in the fodder. This poison is an anticoagulant and causes severe hemorrhages and 
the result may be death. Dicoumarol has been given experimentally to many species of 
animal; and is now used therapeutically as an anticoagulant in cases of thrombosis. 
Dicoumarol diminishes the prothrombin in the blood and increases the clotting time. It 
has been reported that the administration of vitamin K_ counteracts the hypo- 
prothrombinemia of dicoumarol poisoning, but this has been disputed. cas 

*® Alcholic cirrhosis and other diseases or injuries of the liver may cause a fall in the 
amount of prothrombin in the blood followed by hemorrhagic diatheses, but this cannot 
be corrected by giving vitamin K because the damaged cells of the liver are unable to use 
it to manufacture prothrombin. 
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(2) Hemorrhagic Diatheses of the Newborn (Hypoprothrombinemia 
hemorrhagica neonatorum). Hemorrhages from any part of the 
body ranging from intracranial hemorrhage, causing convulsions and 
death, to bleeding from mucous or serous surfaces may occur in this 
diathesis. 

There is a fall in the prothrombin in the blood in the first few days 
of life and hemorrhagica neonatorum may be considered an exaggera- 
tion, perhaps starting in intrauterine life, of a normal physiological 
process. The reason for this fall in the prothrombin or why some 
mothers fail to supply the amount of vitamin K needed by the infant 
is unknown in most cases. But it is known that barbiturates affect 
blood coagulability and the administration of any of them such as 
sodium pentobarbitol to a mother to produce first-stage analgesia 
during labour increases the hazards of hemorrhage for the newborn 
child, and this can be prevented by the administration of vitamin K 
to the mother. 

The amount of prothrombin in the blood of infants starts to increase 
about a week after birth, this is associated with refection following 
the establishment of bacterial fauna in the intestines. 

Waddell and Lawson *° reported that only 1 per cent. of 400 new- 
born infants, whose mothers had been given vitamin K, had abnormal 
bleeding, whereas among 219 cases without the vitamin the rate was 
10-4 per cent. It has become the practice in some lying-in hospitals 
to administer vitamin K to every mother at the onset of labour; this 
practice is quite harmless to the mother and definitely prevents hemor- 
rhagic diathesis of the infant. Hemorrhage in the newborn is usually 
quickly controlled by giving 2-3 mg. of a soluble preparation of an 
active quinone parenterally. 

The prothrombin time can be determined in cases of hemorrhagic 
diathesis by the method of Quick or some modification of it (see 
Appendix V, p. 439). 

Methods of Assay. Biological assays are based on the cure or 
prevention of hemorrhages in animals on vitamin K deficient diets. 
The chicken is commonly used and the purpose of the assay is to find 
that amount which will render normal the blood-clotting time of 
vitamin K deficient chickens under defined conditions and in a specified 
number of hours. Biological assays for vitamin K are far from 


satisfactory and are being replaced by more accurate chemical 
procedures. 


8° J. Amer. med. Ass. (1940), 115, 1416. 
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Units of Measurement 


Several units have been proposed, and an example is the Ansbacher #4 
unit; it is defined as “‘ the minimum amount necessary to render the 
blood-clotting time of the vitamin K deficient chick, weighing 70-100 
gm., normal within six hours after administration.” But after the 
introduction of accurate chemical procedures for the analysis of the 
vitamin and the synthesis of pure forms of it, the need for special 
units ceases, and the doses of any particular preparation can be stated 
in milligrams or micrograms. 


Human Requirements 


The exact amount is not known and appears to be only a few micro- 
grams daily. 


Amounts in Foodstuffs 

Vitamin K is widely distributed in nature. The richest sources are 
green leaves, such as spinach and cabbage, and foods which have 
undergone some decomposition. People who include dried fish in 
their diets receive a considerable amount of vitamin K. Tomatoes 
are a fair source. Vitamin K is also present in cereals, pulses, roots 
and fruits, though to a less extent than in green leaves. 


VITAMINS L, AND L, 

Nakahara 2 and his associates reported the existence of two dietary 
factors needed for lactation and proposed to include them under 
vitamin L. Japanese workers have suggested that these are anthranitic 
acid and adenylthiomethylpentose respectively, but confirmation is 
lacking. 


31 J. Nutrit. (1941), 21, 
32 Inst. Phys. Chem. Res (1938), a0, 321. 


CHAPTER IX 
DISORDERS OF MALNUTRITION 


TuerE is no satisfactory classification of the vitamins, nor is it possible 
to classify the nutritional disorders as though there is a single etiological 
factor in each case. It might not be inappropriate to deal with beri- 
beri under thiamine, or rickets under vitamin D; but even with these 
diseases the complexity of the etiology is such that it is misleading to 
place too great emphasis on a single vitamin. There are nutritional 
disorders of the nervous system, skin, eyes, teeth and liver which 
cannot be dealt with under any particular nutrient because more than 
one nutrient is concerned in the etiology. Further there are signs and 
symptoms indistinguishable from those of malnutrition which may be 
the result of stresses, injuries or infections. Every form of mal- 
nutrition is a disorder of metabolism, having chains which may be 
broken at more than one link. Prof. Himsworth? writing of ‘ The 
Syndrome of Diabetes Mellitus and its Causes,”’ refers to the syndrome 
as having: “its philosophical basis not in specific disease factors but 
in a chain of physiological processes, interference with which at any 
point produces the same impairment of bodily function.’ What is 
applicable to diabetes is applicable to many of the disorders of mal- 
nutrition. 


The disorders of malnutrition will be briefly considered under the 
following headings :— 


(1) Disorders mainly following deficiencies of water soluble vitamins 
of the B complex: 
(a) Beriberi and Wernicke’s encephalopathy. 
(b) Pellagra and hyporiboflavinosis. 
(c) Other nutritional disorders of the nervous system. 
(2) Disorders mainly following deficiencies of the fat soluble vita- 
mins: 
(a) Night blindness and keratomalacia. 
(5) Rickets and osteomalacia (see pp. 125 to 127). 
(c) Hypoprothrombinemia of the metabolism of vitamin K 
(see pp. 135, 136). 
(3) Scurvy. 
(4) Anemias of nutritional origin. 


1 Lancet (1949), i, 465. 
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(5) Nutritional cedema. 
(6) Liver damage and cirrhosis of nutritional origin. 
(7) Malnutrition of infancy. 
(8) Decay and irregularities of the teeth. 
(9) Surgical aspects of malnutrition. 
(10) Starvation. 
(11) Conditioned deficiencies (sprue). 
(12) Blemishes of malnutrition of importance in public health 
practice, including skin disorders (see p. 347). 


Beriberi 


Among all the disorders of malnutrition none show more uniformity 
in clinical manifestations than certain types of beriberi; the out- 
standing deficiency is of thiamine. Cases conforming to definite 
types have received more attention than heterogeneous conditions 
which might be considered under beriberi. 

Predisposing Causes. Beriberi has frequently broken out among 
gangs of labourers doing pioneer work on roads, railways, mines or 
the opening up of plantations. The disease being connected with 
carbohydrate metabolism it is not surprising that outbreaks occur 
among those needing high caloric diets for hard work, and are less 
frequent among sedentary workers in stores or offices, although their 
diets may be similar in kind but less in quantity. ‘Women during the 
time of pregnancy and lactation are more liable to beriberi than at 
other times. The disease has been divided into three clinical types, 
acute, subacute and chronic. 

Acute Beriberi (Pl. Ill). The onset is sudden with epigastric pain, 
nausea and vomiting. The first symptoms of nerve involvement may 
be tingling or formication of the lower parts of the legs with patches of 
reduced sensation of the skin over the tibiz. But the disease develops 
so rapidly that most patients with the acute type of beriberi are first 
seen with paralysis of the limbs and trunk and urgent signs of cardiac 
failure. Sudden death, which may or may not follow some slight 
exertion such as sitting up in bed, is a common termination. Patients, 
surviving the early stages, become cedematous. Fairly rapid complete 
recovery may take place, but the majority of the patients pass into the 
chronic dry type. 

Subacute Beriberi (Pl. It). This is of gradual onset; the patient 
slowly loses sensation and power of the lower limbs, though in severe 
cases the upper limbs may be also affected. There is slowly developing 


i 
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cedema, usually starting at the ankles. (Edema of the scrotum is 
common. There may be generalized oedema with fluid collecting in 
the pericardial and other serous cavities. Cases have been described 
in which the oedema appears in patches on various parts of the body, 
the face may be the first part affected. 

Chronic Dry Beriberi. This is a common type in the hospitals of 
South East Asia; in some districts it occurs frequently among young 
adults and lactating women. It is a paralysis mainly affecting the 
lower limbs with wasting and atrophy of the muscles. Many of the 
cases may be residual from the subacute type. Among the subjective 
sensations are numbness, cramps of the calf muscles, coldness of the 
feet, stabbing pains on walking, and also superficial patches of lost 
sensation. The knee jerks and ankle jerks are absent. 

There are three useful tests when examining groups of persons for 
the early stages of beriberi: 


(1) The Squatting Test. The patient is made to squat with his 
thighs fully flexed on his legs, and is asked to rise, the test is 
positive when this is done with difficulty, the hands grasping the 
knees and aiding the legs to bring the body into an erect position. 

(2) Muscular Tenderness. This is shown by the patients’ reaction 
when the calves are squeezed. 

(3) Patches of anesthesia may be found over the front of the shins. 


Infantile Beriberi. This is a common cause of infantile deaths in 
many parts of the tropics and even subtropical countries such as 
Egypt. This disease is due to the maternal diets being deficient in 
thiamine. Human milk has 0-30 yg. per gm., which is low compared 
with 0-45 wg. per gm. for cow’s milk, and when it falls still further 
there is marked liability of the infant to develop beriberi. It appears 
that infantile beriberi is the only serious form of malnutrition which 
occurs in breast fed infants receiving the mothers’ milk in adequate 
amounts. The disease usually occurs after the second month of life. 
About 50 per cent. of the mothers show signs of beriberi to various 
degrees. Japanese workers have proposed that the disease is due to 
poisoning by methyl glyoxal accumulating in the mothers’ milk but 
this cannot be accepted on the present evidence. In a typical case 
there is sudden onset with vomiting and rapidly increasing cedema. 
The only sign of nerve involvement may be aphonia, possibly partly 
due to pressure on the recurrent laryngeal nerve by a dilated left 
auricle; there is a plaintive whine which is almost pathognomonic. 


PLATE Iitl 





Fic. 7. Wet Beri- 
beri with CEdema. 


Fic. 6. Dry Beriberi 
with Atrophic Muscles. 
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FIG. 8. f 
Pellagra-Dermatitis of Exposed Surfaces. 


(Scientific Service Roche.) 
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When there is aphonia, oedema and convulsions the diagnosis is simple, 
but in many cases the first two are absent, and the infant passes into 
convulsions with no other sign and may die with acute cardiac enlarge- 
ment. 

G. W. Bray ? made an interesting study of infantile beriberi in 
Nauru in the Pacific. Toddy, the fermenting sap of the coconut 
palm, was widely used by the islanders until it was prohibited by 
Government order. This was followed by much beriberi including 
the infantile form. Toddy has a milky appearance due to suspended 
yeast which is rich in thiamine. The taking of toddy will prevent beri- 
beri, and a few teaspoonfuls of boiled toddy daily will protect an infant. 

Polyneuritis of various determining causes, including alcohol, 
arsenic dysentery and numerous gastro-intestinal disorders, is in- 
distinguishable from the polyneuritis of beriberi. The determining 
causes may actually inhibit the enzymic processes in which thiamine 
plays a part, or they may prevent the taking of an adequate diet, or 
lower the absorption of the vitamin through vomiting, diarrhea, or 
damage to the gastric and intestinal mucosa. 

Wernicke’s Encephalopathy or mental beriberi. A clinical syndrome of 
cloudiness of consciousness, ophthalmoplegias and polyneuritic ataxia 
was first described by Carl Wernicke in 1881. In 1890 S. Korsakoff * 
described a syndrome in alcoholics in which mental confusion with 
deficient memory leading to confabulation is associated with poly- 
neuritis causing foot or wrist drop with sensory changes and loss of 
deep reflexes. The clinical conditions described by these two observers 
are similar and are based upon definite hemorrhagic vascular lesions 
of the mamillary bodies, thalamus and other parts of the central 
nervous system. These conditions were not uncommon among the 
ill-fed prisoners in certain concentration camps in World War II. 
They have also been described associated with arsenical, septiceemic, 
post-malarial and post-enteric neuritis. 

Laboratory Tests for Thiamine Deficiency. See pp. 83 and 84. 

Treatment of Beriberi. When a pigeon with thiamine deficiency 
first shows signs of paralysis, such as a retracted head, the recovery 
following the administration of thiamine may be dramatic. But a 
microscopical examination of the nerves of other pigeons in this stage 
of deficiency shows little or no structural change, therefore the dis- 
order is mainly functional, a reversible biochemical process, and 


2 Trans. R. Soc. trop. Med. Hyg. (1928), 22, 9. 
® Allg. Z. Psychiat. (1890), 46, 475. 
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normality can be quickly restored. It is the same in the early stages 
of human acute beriberi or infantile beriberi, there is rapid response 
to large doses of thiamine (50-100 mg. daily) needed to restock the 
lost reserves. But when myelin degeneration has started, only slow 
recovery can take place, and provided enough thiamine is given to 
maintain the reserves needed for normal metabolism any excess is a 
waste or may be detrimental because it tends to upset the balance 
between the vitamins. There is a third stage in any form of poly- 
neuritis when much of the pathological changes become irreversible, 
and then the infant with beriberi dies and the adult with chronic dry 
beriberi becomes a cripple for life no matter how much thiamine is 
administered. The experiences of many observers who have treated 
more or less chronic forms of beriberi are much the same as those of 
Spillane * who made a valuable study of polyneuritis among prisoners- 
of-war—he stated: ‘‘ Patients intensely treated for many weeks with 
thiamine were just as long in bed and just as long in hospital as those 
who received only rest and good food.” And this is what might be 
expected provided the “‘ good food” supplied sufficient thiamine and 
other vitamins. Good food has a balance difficult to supply thera- 
peutically. 

In recovery from beriberi the last sensation to return is often the 
postural sensation and because of this there may be residual ataxia. 


Pellagra 


Classical pellagra has been as much associated with diets in which 
the staple cereal is maize, as beriberi has been associated with diets 
in which the staple cereal is highly milled rice. 

Although Columbus introduced maize (Indian corn) into Europe in 
1493, the first mention of the disease appears to have been by the 
Spanish physician Gaspar Casal writing in 1735 (published 1762), 
by which time the disease was well established in Spain, and being a 
disease which never affected the well-to-do classes may have received 
little attention. 

The onset of the disease is slow, but once established it is char- 
acterized by a general atrophy of all the tissues of the body. The 
superficial layers of the skin become thin and a scaly dermatitis with 
shallow ulceration occurs, which is usually confined to surfaces of the 
body most exposed to the sun, namely the face, back of the hands and 
front of the ankles (see Pl. Ill, Figs. 8 and 9). There is atrophy and 
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hinning of the mucosa of the alimentary tract, leading to sore mouth 
ind intractable diarrhcea. Changes take place in the central and 
yeripheral nervous system which result in dementia, and signs and 
ymptoms of neuritis. 

The three salient signs—dermatitis, diarrhoea and dementia—have 
seen called the “three D’s”’; these signs have been present in most 
cases of the type of pellagra which has been prevalent in the countries 
of the Mediterranean littoral and in the Southern States of America. 
in the latter territories a similar mnemonic has been used to indicate 
the diets on which many pellagrins have lived—maize, molasses and 
meat (salted fat pork) have been called the “‘ three M’s.”’ 

Diets which lead to pellagra are deficient in niacin, and they are 
also deficient in other nutrients including riboflavin; therefore the 
effects of a deficiency of riboflavin may be considered here. 

Hyporiboflavinosis (ariboflavinosis). The signs which when they 
occur in the malnourished are usually accepted as due to deficiency of 
riboflavin are (1) Angular stomatitis (see Pl. IV, Fig. 10), with fissuring 
of the skin at the angles of the mouth; (2) Cheilosis in the form of red 
shiny excoriation of the lips; (3) Glossitis with patchy denuding of the 
epithelium of the tongue (geographical tongue) (see Pl. V, Fig. 12), 
the tongue may later acquire a smooth appearance and magenta 
colouring from epithelial atrophy; (4) Dyssebacia of the naso-labial 
fold as characterized by retention of the sebum in the ducts of the 
sebaceous glands with scaly greasiness of the skin of the fold; (5) Scrotal 
dermatitis. In the mild form this consists of a scaly dermatitis with 
some maceration where the scrotal skin comes in contact with the 
thighs ; in more severe form there is scaly ulceration with enlargement 
of the scrotum from a firm subcutaneous cedema; (6) Changes in 
reference to the eyes are lacrymation, blepharitis, photophobia (see 
Pl. V, Fig. 14), dimness of vision and vascularization of the sclerotics 
with loops of newly formed capillaries extending on to the cornea (see 
Pl. V, Fig. 15). Obviously such ocular changes may have many 
causes other than a deficiency of riboflavin; (7) Certain neuropathies, 
such as retro-bulbar neuritis have been attributed to hyporiboflavinosis. 

It may be accepted that niacin is the principle deficiency in pellagra 
showing the three classical signs; yet it is probable that in no case is 
there a single deficiency, and among many possible deficiencies hyporibo- 
flavinosis is the commonest. In other cases insufficient utilization of 
thiamine may be playing a part, hence such terms as pellagroid-beriberi 
have been proposed. 
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It has been suggested that the tongue condition in pellagra is due to 
hyporiboflavinosis, but in pellagra of classical type the tongue is 
frequently sore, red and angry and there is much salivation, not at all 
like the denuded or atrophic tongue of riboflavin deficiency. On the 
other hand scrotal dermatitis occurs in a large percentage of cases of 
pellagra; it was the first manifestation in the famous convict experi- 
ments of Goldberger,® which first supplied more or less convincing 
evidence of the nutritional origin of pellagra. Scrotal dermatitis, 
however, was at one time very common in the asylum and jails of 
Ceylon although a diagnosis of pellagra was not justified as other 
signs of the disease did not occur. 

The literature on the neurological changes in pellagra records a 
bewildering number of disorders of the central or periphereal nervous 
system, appearing in the early or final stages of the disease and varying 
from case to case. They range from neurasthenia to extreme dementia, 
from spastic weakness to ataxic paraplegia, from mild disorders of the 
sensations to polyneuritic paralysis. 

All these neurological disorders occur under circumstances in which 
a diagnosis of pellagra is not justified. 

The protean nature of pellagra can be best grasped by viewing it as a 
group of syndromes varying with several etiological factors inter- 
playing with an actual or conditioned deficiency of niacin. The 
etiology may be summarized as follows :— 


(1) Maize, commonly associated with pellagra, has three relevant 

attributes, which are quantitatively variable. 
(a) It is not rich in niacin. 
(b) It is poor in tryptophane (see p. 96). 
(c) It may contain a pellagragenic factor. 

(2) Diets deficient in niacin also have other deficiencies, actual or 
conditioned by general imbalance in the diets, and variable from 
case to case. Riboflavin, folic acid and thiamine have therapeutic 
values for some of the signs of pellagra not corrected by niacin. 


There has been much discussion as to what clinical cases should be 
included under the term pellagra. In the years 1912-1914 a railway 
was being built to the Magadi Soda Lakes of East Africa, and large 
number of African labourers were recruited for the work. The only 
food they were given was 2 lb. of maize meal daily per man. The 
railway was being built through semi-desert country and they were 


5 Pub, Hlth, Rep., Wash. (1915), 30, 3336. 
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unable to obtain other foodstuff except occasional meat from antelopes 
shot by overseers. Many of the labourers started to lose weight in a 
few weeks and became markedly emaciated, and a high proportion of 
them had sore mouth. The intractable diarrhceea of pellagra was 
uncommon, and although the skin was dry with a tendency to being 
furfuracous, the typical eruption of the exposed surfaces of pellagra 
was never seen, although the labourers worked all day in the sun. 
_ The death rate was high, terminal pneumonia, bronchitis or dysentery 
being common. The condition resembled starvation more than 
pellagra and the term “severe malnutrition’? would be sufficient to 
describe these cases. The somewhat absurd term “ pellagra sine 
pellagra ” has been used for cases showing some of the signs of pellagra 
but not the typical skin lesions. 
There are no lines and boundaries in nature, and exactly what is to 
be included under pellagra must be decided by arbitrament. 


Nutritional Disorders of the Nervous System 


~ Numerous observers have described during the past 100 years or 
_more many disorders of the nervous system, which in comparatively 
“Tecent years have been recognized as being of nutritional origin. 
Neuropathies among prisoners arising from penal diets have attracted 
particular attention. Examples of these occurred in the jails of Ceylon 
before the penal diets were abolished. ‘“* Burning feet and hands ”’ 
was common usually accompanied by eye, skin or mouth signs attri- 
buted to deficiency of vitamin A or riboflavin; and there were many 
neurological cases for which experienced physicians gave bedside 
diagnoses of neuritis, beriberi, early tabes dorsalis, pyramidal disease, 
or progressive muscular atrophy, showing the protean nature of the 
“manifestations. 
_ During the civil war in Spain, Grande and Peraita’ made a study of 
the deficiency neuropathies among 3,116 patients in Madrid. During 
World War II large numbers of persons were made prisoners of war, 
“or were interned in various parts of the world; and of particular 
interest were the internment camps in the tropical territories of the Far 
East, where the Japanese did not—perhaps because they could not— 
supply the prisoners with adequate diets. Many medical men who were 
interned have given their experiences in their practices in the camps, 
and although no conditions not previously known have been reported, 


® Nicholls, L. (1935), Indian med. Gaz., 70, 550. 
7 Miguel Servet (1941), “ Avitaminosis y Sistemo Nervioso.” Madrid. 
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yet there has been much of value concerning etiology, treatment, 
prognosis, relative incidence of various signs and the periods of time 
elapsing after internment when the signs first appeared. 

“ Burning Feet.” This dysesthesia also affects the hands but less 
severely. Many authors have not found the English name acceptable 
and have invaded the classics for others, and among these are agnipe- 
dites, pedionalgia, chiropodalgia, melalgia, erythromelalgia, and 
paresthetic-causalgic syndrome. 

This condition, which may be exceedingly painful, was very common 
among prisoners of war in some of the Japanese prison camps of the 
Far East: indeed very few escaped it in mild or severe form. Writing 
of conditions in Hong Kong, Major G. F. Harrison ® stated: “‘ The 
outstanding symptom almost throughout the occupation was painful 
feet. In the early days the pain was so severe that morphine gr. 3 by 
mouth was the only drug which had the slightest effect on it.”” Burning 
feet were often a premonitory sign of polyneuritis or of pellagrous 
conditions. The syndrome is not relieved by the administration of 
thiamine, riboflavin or niacin, but C. Gopalan ® states that the condition 
as it occurs among the malnourished of South India can be cured in 
four weeks by 4-6 drachms of marmite given twice daily, and that 
calcium pantothenate (40 mg.) daily by injection will cure it in two to 
three weeks. Therefore it may be that a deficiency of pantothenic 
acid is the cause. 

Retrobulbar Neuritis. This is usually of slow onset with increasing 
difficulty in reading. The diagnosis, apart from the history of defective 
diet, depends upon: (1) Impairment of visual acuity, sometimes as 
low as 6/60. (2) The development of a central scotoma. In the 
early stages the optic discs show very little change, there may be 
hyperemia, but in the later stages the discs of the majority of patients 
are paler than normal. 

Many patients with retrobulbar neuritis show involvement of other 
nerves, Spillane 1° in a study of 126 cases among those who had been 
prisoners of war for a year or more divided them into six groups :— 


Group 1 Retrobulbar neuritis only : : : : - 73 cases 
ng ee - », paresthesia without ataxia eee, 
» 3  Retrobulbar neuritis, nerve deafness : : oye ae 
» 4 os FA # a and ataxia se 
» 9» Ataxia only ; ; : : : : . 4 
» 6 Retrobulbar neuritis, ataxia, vocal cord paresis : 3 


> 
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® Indian med. Gaz. (1946), 81, 22. 
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Rest and good diet will cure the majority of patients with retrobulbar 
neuritis, but the vision in some patients is permanently impaired, and 
a few patients become completely blind. 

Table XXXV gives the main nutritional deficiency syndromes as 
seen by Grande and Peraita in 3,116 patients in Madrid during the 
civil war. 


TABLE XXXV 
Per cent. 
Paresthetic-causalgic syndrome F , : : 22°8 
Pellagra and “ Pellagra sine ese Si ? 4 , 4 21-7 
Retrobulbar neuritis : ; ; : 16:3 
Famine cedema : ‘ : : : : : 14-7 
Simple glossitis . ‘ , ; 0:7 
Hemorrhagic syndrome (scurvy) . : : : 2:2 
Nerve deafness : : ‘ : ; 1:5 
Various deficiencies F ‘ : , : ‘ 10-1 


Similar tables could be produced for many prisoner-of-war camps, 
or communities ravished by war, there would be differences in the 
tables with various diets and circumstances. 

Denny-Brown !! recorded the neurological conditions seen among 
3,667 prisoners of war brought from South East Asia to India in 
August and September, 1945. These are given in Table XXXVI. 


TABLE XXXVI 


Peripheral neuritis . . : : ; ; : 110 
Retrobulbar neuritis a : : : 5 : 185 
Spinal ataxia , : ; , ; : . 60 
Deafness : ‘ ‘ : : 3 : : 13 
Spastic paraplegia . : : : : ; : 9 
Laryngeal palsy . : : : : : : 3 


Apart from the signs and symptoms of beriberi, pellagra, hypo- 
riboflavinous, and the neuropathies mentioned above, other conditions 
noted among malnourished prisoners of war were:—night blindness, 
keratomalacia, dysphagia, signs of scurvy, hyperkeratosis follicularis, 
suppression of the menses, polyuria, nycturia and chronic diarrhea. 


_ Night Blindness following Vitamin A Deficiency 


It has been definitely established clinically and biochemically that 
vitamin A deficiency will in time lead to night blindness. 

It is a common experience, when passing from bright sunlight into 
a room where the light is far less, that objects are not clearly seen at 
first, but in a minute or two the sight becomes adapted to the subdued 
light. In night blindness the adaptation takes longer than normal 


11 Medicine, Baltimore (1947), Feb. 26. 
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because there is insufficient vitamin A for the rapid formation of 
rhodopsin (see p. 76). 

Several types of adaptometers have been designed for determining 
dark adaptation. The procedure consists of the subject, with the 
head in a fixed position, looking for a measured length of time at a 
bright light of known luminosity; the light is extinguished and the 
subject gazes at a surface which can be illuminated by flashes of light 
controlled by a camera shutter; the brightness of the light can be 
varied, at first it is faint and imperceptible, but is increased slowly 
until the subject reports seeing it. 

A number of feeding experiments with human subjects have been 
carried out in which diets deficient in vitamin A were consumed during 
comparatively long periods. One of these experiments was conducted 
during the war years (1941-1944) with three women and twenty men, 
the male volunteers being recruited from “ conscientious objectors.” 
The results have been published by the Medical Research Council.12 
All received diets containing no vitamin A and not more than 
70 “I.U.” B-carotene. Seven subjects were given supplements of 
vitamin A or carotene to serve as controls; sixteen received no supple- 
ment, and lived on the deficient diets for periods ranging from 114 to 
25 months for different subjects. Among much that was negative, 
two positive results stand out: 


(1) There was a rapid fall in the carotenoids of the plasma of those 
receiving no supplement—‘*‘ Within three months the initial average 
value of 150 ‘I.U.’ per 100 ml. plasma fell to a fairly stable value 
varying from 12 to 4‘I.U.’ Very little, if any, of this residual 
carotenoid content was due to carotene.” The fall varied con- 
siderably among the subjects, in one case there was no appreciable 
drop after 22 months deprivation. This was probably due to 
large reserves in the liver. It is estimated that the total reserves 
in the liver of adults in Britain is about 500,000 I.U. 

(2) Dark adaptation, as determined by the Wald adaptometer, !2 
showed no change for the first four months of depletion. ‘“* During 
the following five months there was a definite deterioration which 
was shown by everyone of the deprived subjects.” Nine months 
from the start of depletion the average rod threshold returned to 
the initial value. During the remaining sixteen months only 

* The adaptometer by Wald and another by Craik have been used in a number of 


investigations, for methods and references see Vitamin A Requirement of Hum 2 
Sp. Rep. Med. Res. Counc., Series 1949, London, No. 264. . paral 
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three subjects showed a marked rise in time needed for adaptation, 
“ though all those who continued into a second winter showed a 
slight deterioration in January.” It would appear from. this 
investigation that night blindness as revealed by the Wald adapto- 
meter does not occur until the vitamin A in the blood falls below 
Soe; 

It is important to note that: ‘‘ Only two subjects thought that 
their night vision was somewhat impaired when the state of 
deficiency was at its height. They thought they had greater 
difficulty in finding their way in the blackout on dark nights, 
but one was not very definite about it.” 


The negative findings in this investigation are important. Routine 
clinical examinations of the subjects were made. No changes were 
discovered by blood examination, urine analysis, fractional test meals, 
electrocardiograms, measurement of basal metabolic rate, chest radio- 
graphy, dental inspection, skin biopsy, slit lamp examination of the 
conjunctiva and cornea, or by psychological tests. ‘* The only signs 
and symptoms which seemed to be commoner in the deprived group, 
though their interpretation was doubtful, were dryness of the skin 
which was noted in ten in this group, and in none of the prophylactic 
group, and eye discomfort, variously described as soreness, streaming, 
pricking, or a feeling of sand in the eyes.” 

The changes in epithelial tissue, easily produced in experimental 
animals deprived of vitamin A, were not found. It may be that the 
liver reserves had been sufficient to protect these subjects, or some other 
factor of imbalance in the diet is necessary to start a keratinizing 
metaplasia of the epithelium (see p. 75). 

Investigations with subjects having high vitamin reserves, such as 
that sponsored by the Medical Research Council, do not throw much 
light on the results of chronic deprivations—starting from birth or 
spread over many years—which have never allowed reserves to be built 
up, nor do they take account of multiple nutritional deficiencies, nor 
the effects of many environmental factors. 

Keratomalacia. Metaplasia and degeneration of the epithelium of 
the cornea produce opacities, which become vascularized, oedematous 
and infiltrated with leucocytes; necrosis, leading to ulceration and 
bacterial invasion, continues the destruction of the cornea, produces 
hypopyon and the final result is blindness. 

In many tropical countries keratomalacia is most commonly seen 
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among infants of the poorest classes; it is due to malnutrition especially 
at the time of weaning, or when the mother’s milk fails and attempts 
are made to rear the infant mainly on cereal paps. There is a very 
high mortality rate among these children and blindness is common 
among the few who survive. More than 60 per cent. of the blind of 
Southern India and Ceylon are blind as a result of keratomalacia in 
infancy.1*® This eye disease also occurs among older people (see PI. VI, 
Fig. 16). 

The dramatic improvements which follow the treatment of kerato- 
malacia with vitamin A, provided the ulceration is not extreme and 
there is no hypopyon, leaves no doubt that the disease is mainly due 
to vitamin A deficiency. The vitamin should be given by mouth and 
also by drops in the eye to guard against lowered absorption by the 
sick child. Red palm oil of high carotene content has been found useless. 

Night blindness and keratomalacia seldom occur without signs of 
multiple nutritional deficiencies. The following are two examples:— 


(1) More than 1,000 prisoners in a jail were examined for nutritional 
disorders; 55 per cent. had phrynoderma of various degrees, 
30 per cent. complained of night blindness, there were 17 cases of 
keratomalacia in the prison hospital, 18 per cent. had sore mouth, 
and 16 per cent. scrotal dermatitis. 

(2) An uncommon case of what may be called polyhypovitaminous 
is shown in Pl. IV, Fig. 11. The patient was a boy of about 
13 years of age, who had a dry skin, phrynoderma, a parchment- 
like eruption of the face, blindness from keratomalacia, angular 
stomatitis and spastic paralysis of the limbs. 


Bitot’s spots and skin disorders which have been attributed to 
vitamin A deficiency are dealt with in Chapter XVII. 


Scurvy 


Experiments with human subjects deprived of vitamin C have 
produced more clear cut results than in the case of other vitamins. 
The reason is that the reserves in the body are fairly quickly depleted, 
and definite changes soon appear in the skin and gums. 

The Medical Research Council sponsored an investigation for which 
19 men and 1 woman volunteered. They were placed on a daily diet 
containing not more than 1 mg. of ascorbic acid. They were divided 
into 3 groups, 3 received 70 mg. of ascorbic acid daily, 7 received 

‘* Nicholls, L: (1936), Cey. J. Sci., IV, 1. 
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10 mg., and 10 received no supplement. The results may be briefly 
summarized :— 


(1) No definite changes were found during the first 17 weeks of 
deprivation. 

(2) In the 21st week 6 of the 10 deprived volunteers, and after 26 
weeks all of them, had developed changes in the skin follicles. 

(3) The second change was in the gums, when swelling and tiny 
hemorrhages first appeared in the 26th week of deprivation. 

(4) In the old accounts of scurvy there are many records of the 
swelling of old scars with pain and hemorrhage and the breaking 
down of them. To study this, small wounds were inflicted on the 
volunteers 3-7 months after they had been deprived of ascorbic 
acid, the wounds healed and 1—5 months later (that is 8 months 
after deprivation) became red and livid; and new wounds showed 
a reduced tendency to heal. 

(5) One man developed effusions in both knee joints and ecchymoses 
of the legs after 8 months deprivation. 

(6) One man had a serious heart attack with dyspnoea and cyanosis 
after 9 months deprivation. 

(7) Measurement of the capillary-filtration by the method of Landis 
and Gibbon,!4 and the capillary-resistance tests of Hess 1° and of 
Gothlin 1 did not give consistent results. 

(8) The ‘‘ agility” test of Frankau 1” indicated superiority of the 
group receiving 70 mg. over the groups receiving 10 mg. or none. 


Follicular Keratosis. The first sign in this investigation. There 
was plugging of a few follicles by horny material in which the hair was 
coiled or looped. The number of enlarged hair follicles increased, 
the main areas affected were the upper arms, back, buttocks, back of 
thighs, calves and shins. The enlarged follicles turned red. Micro- 
scopically there was congestion and proliferation around the hair 
follicles. Later the follicles became hemorrhagic and turned dark 
purple. 

In the later stages of the disease, to which it may not be allowed to 
progress in experiments with human subjects, there is progressive 
swelling of the gums, especially around the stumps of decayed teeth, 
there may be hypertrophy to a degree that the teeth are almost buried 

14 J. clin. Invest. (1933), 12, 106. a 
15** Scurvy Past and Present” (1920). J. B. Lippincott. 


16 Skand. Arch. Physiol. (1932), 65, 24. 
17 Brit. med. J. (1943), ii, 601. 
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in a mass of bluish, soft, fungoid tissue. Foul breath may be extreme. 
The teeth may become loose and fall out. 

The petechial hemorrhages of the skin, producing a flea-bitten 
appearance, are difficult or impossible to see on the pigmented skin of 
some tropical races. 

With scurvy in its most advanced form there may be bleeding from 
the nose, lungs, bladder or bowels. Subcutaneous or intramuscular 
hemorrhages give rise to brawny tender swellings. There is usually 
some degree of hypochromic anemia. Pyrexia occurs in some cases, 
probably due to oral sepsis or resorption of extravasated blood. There 
is a tendency to lung infections. 

Some races do not use the toothbrush or other means of cleaning 
the teeth, and some degree of gingivitis is almost universal among the 
adults, this renders the gums particularly liable to the changes of 
ascorbic acid deficiency, and the gums may become swollen, purple 
and bleed readily on slight pressure long before there are other signs 
of the deficiency. 

Infantile Scurvy. Infants weaned on boiled milk, or milk recon- 
stituted from powder without the addition of fruit or vegetable juices 
will have some degree of ascorbic acid deficiency. Petechial hemor- 
rhages of the skin are uncommon; and swollen spongy gums are far 
less likely to occur in infants with scurvy than is the case with adults. 
The signs and symptoms may be irritability with general ill health, 
and perhaps pain and tenderness of the limbs. With children fed on 
cereal paps there are many deficiencies including that of ascorbic acid 
(see p. 165). 

Laboratory Diagnosis (see p. 116). 


Anemias of Nutritional Origin 


Anemia in various degrees is very common among tropical popula- 
tions. Some cases are due entirely to malnutrition, but as the great 
majority of cases have a complex etiology other disorders than mal- 
nutrition must be taken into account; particularly malaria, in which 
the parasites multiply within the red blood cells and destroy them, 
and infestation with hookworms, living on the blood they suck from 
the walls of the intestine. 

The red blood cells are not living cells; they are being formed 
continually in the bone marrow, and later are removed from the circula- 
tion by the spleen. The length of time they remain in circulation has 
been variously estimated ; probably it is about 100 days with a normal 
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rate of replacement of about | per cent. per day. Assuming that the 
ted blood cells make up 3-5 per cent. of the body weight, then the 
bone marrow of a man weighing 60 kilos must produce daily about 
40 gm. of red blood cells. When the cells are broken up within the 
body there is conservation of the iron for red cell formation (hemo- 
poiesis) but it is certain that there is not a similar conservation of all 
the other constituents. The greater the destruction of red blood cells 
the more will be the dietary needs for regeneration.18 

Although a few anemias stand out as fairly definite entities, 
satisfactory classification cannot be made in the present state of 
knowledge. 

There are three fundamental reasons for anemia, either there is 
depression of the functions inherent in the bone marrow, or the loss 
of blood is too great for rapid replacement, or there is an insufficient 
supply of the substances needed for replacement. 


(1) Depression of the Inherent Functions of the Bone Marrow. There 
are three general causes of this:— 

(a) Disease of the bone marrow. This includes malignant growths 
of the bone marrow, myelogenous leukemia, and a rare disease 
called ** Idiopathic Aplastic Anemia ” in which there is extreme 
degeneration of the bone marrow. 

(b) Toxins, which affect physiological functions throughout the 
body. They may be from bacterial or other infections. The 
anemia of nephritis or from malignant tumours may be due 
to toxins. 

(c) Chemical and physical poisons. Benzol, lead and X-rays are 
examples of these. 

(2) Loss of Red Blood Cells. There are two general categories of 
this :— 

(a) Acute or chronic hemorrhages. The acute may be from 
injury or the ulcerations of disease. The chronic include the 
results of infestation by blood sucking hookworms, and the 
hemorrhages of scurvy. 

(b) Increased lysis. Two important causes of this are malaria and 
black water fever. Also increased lysis takes place in sickle- 
celled anemia and lead poisoning. 

16 At one time it was believed that the normal level of the red blood cell count and of 
hemoglobin was lower in tropical populations than in those of the temperate climates. 


But these levels for healthy well-fed individuals are not materially different in any climate 
except in mountainous districts, where there is an increase in the number of red blood 


cells per cmm. 
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(3) Deficient Supply of the Substances needed for Red Cell Formation. 
The nutritional anemias fall under this :— 
Dietary defects, failure of absorption and possibly defective 
storage or utilization may bring about actual or conditioned 
deficiencies of iron, extrinsic or intrinsic factors, proteins, and 
various vitamins. 


Iron Deficiency. This occurs in infants who have been suckled too 
long or weaned on cereal paps. Milk diets given to invalids for long 
periods have led to this deficiency. Where there has been loss from 
hemorrhage or hookworm infestation there is a conditioned deficiency. 
There may be failure of absorption in achlorydria. 

Extrinsic Factor Deficiency. It has been suggested that this occurs 
in cases of “ Tropical Macrocytic Anemia.’ If this is so, then the 
extrinsic factor may be Vitamin By. 

Maturation Factor Deficiency. This is the cause of Addisonian 
pernicious anemia, which has seldom been recorded as occurring 
among tropical populations. 

Deficiencies of Vitamins and other Nutrients. Much anemia in the 
tropics is due to diets which are defective in many respects. Animals 
can be made anemic by feeding on diets with various deficiencies such 
as of riboflavin, niacin, pyridoxine, and ascorbic acid. Deficiencies 
of folic acid and ascorbic acid have been more or less definitely in- 
criminated in cases of anemia in human beings, but most cases cannot 
be traced to the lack of any particular vitamin, and the curative effect 
of good food suggests that the origin of many anemias is multiple. 
Women are far more liable to anemia than men. The diets of many 
of the labouring classes may be just sufficient for red cell replacement 
without added stresses, but they are not sufficient to counter the effects 
of excessive menstrual flow or meet the demands of pregnancy. The 
so-called toxemias of pregnancy and the eclamptic states are par- 
ticularly common among malnourished anemic women ; and the 
infants born of them become anemic more readily than those 
of better fed mothers, probably they have been endowed with less 
reserves. 

Lack of Absorption. The anemia of sprue is due to faulty absorption 
of the nutrients needed for normal erythropoiesis, possibly there is 
also partial failure to produce the anti-pernicious anemia factor. 


Ceeliac disease, idiopathic steatorrhea and intestinal stenoses may lead 
to anemia from this cause. 
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Lack of Storage. Wilkinson has shown that cirrhotic livers fail 
© store the anti-pernicious anemia factor. 

Lack of Utilization. Israels and Wilkinson 2° described a fatal 
pe of anemia having the characters of pernicious anemia with failure 
© respond to liver injections. They suggested that there is lack of 
itilization of the factor or factors needed for erythropoiesis and 
named the condition “‘ achrestic anemia.” 

Examination of the Blood. Routine investigation of the blood for 
unemia should include the amount of hemoglobin, the red cell count 
ncluding reticulocytes, and the packed cell volume; from these can be 
Jetermined :— 


(1) The Colour Index. This is the percentage of the normal amount 
of hemoglobin over the percentage of the normal number of red 
blood cells, the latter are usually considered to be 5 million. Thus 
the normal colour index is 1:— 

Hemoglobin (per cent. of normal) — 100 _ 
Red cells (5 million) (per cent. of normal) 100 
A case of anemia might give a colour index as follows :— 
Hemoglobin per cent. 350 
Red cells (33 million) per cent. 70 
Blood with a colour index of approximately 1 is called normo- 
chromic, below 1 hypochromic, and above | hyperchromic. 

(2) Mean corpuscular hemoglobin is sometimes determined but it is 
no more informative than the colour index. It is obtained as 
follows :— 

Hemoglobin in grams per 1,000 c.cm. of blood. 
Red cells in millions per c.cm. 
Example: Hemoglobin 10 gm. per cent. Red cells 3 million 


100 


= (0-7. 








= 33-3 micromicrograms (pg.). 


The normal range is 27-32 ppg. 

(3) Mean Corpuscular Volume (M.C.V.). The blood is drawn into 
a tube containing an anticoagulant and centrifuged in an hemato- 
crit tube (Wintrobe’s) at 2,500 revolutions for half-an-hour when 
the red cells are packed to a constant volume. The normal 


19 For references see Lancet (1949), i, 340. 
20 Quart. J. Med. (1940), 9, 163. 
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packed cell volume (P.C.V.) per 100 c.cm. averages 47 c.cm. for 
men and 42 for women. The mean corpuscular volume, expressed 
as cubic microns, is obtained as follows :— 


P.C.V. in c.cm. per 1,000 c.cm. of blood. 
Red cells in millions per c.cm. 


Cove 300 
Example: ee — = 100 cp. M.C.V. 


R.B.C. 3 million 3 
The normal range is 78-98 c.u, average 86. 

(4) Mean Corpuscular Hemoglobin Concentration (M.C.H.C.). This 
takes no account of the number of red blood corpuscles, it is an 
expression of the relation between hemoglobin saturation and 
cell volume. It represents the actual hemoglobin concentration, 
and is an indicator of the presence or absence of iron deficiency, 
and therefore is the key to iron therapy. It is calculated as 
follows :— 

Hb in grams per 100 c.cm. blood 
Rea 
Example: Hb 11 gm. per cent. P.C.V. 30 





x 100. 





1] 
30 * 100% 36:0 per cent, 


The normal range is 32-38 per cent., average 34 per cent. 

Diameter of the red cells can be measured by the method of Price- 
Jones or the diffraction method. Both methods lack accuracy and 
seldom give more information than can be obtained from the packed 
cell volume. 

Other examinations are necessary for a thorough investigation of 
certain cases of anemia, among these are:— 

Determination of the Amount of Bilirubin in the Plasma. Bilirubin 
is an iron free pigment formed when red cells are broken up, hence 
it is an indication of the degree of hemolysis taking place. The 
amount of bilirubin in the plasma is determined by the Van den Bergh 
reaction. This reaction also distinguishes it from the pigment of the 
more common form of bilirubinemia due to obstructive jaundice. 
The amount of bilirubin in normal blood is a little less than 0-4 mgm. 
per cent.: it may rise much higher than this in certain anemias. 

Examination of the Bone Marrow. Anemia calls for a greater 
production of red blood cells; the bone marrow responds by a hyper- 
plasia in which the number of erythroblasts are increased. There are 
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two forms of these :—(a) normoblasts of about 9-12 ,« in diameter; these 
give rise in health to red blood cells called normocytes having an 
average diameter of 7-25; in anemia normoblasts give rise to 
normocytes, and microcytes, the latter being less than 7:25. Also 
in some anemias such as those of hookworm infestation and malaria 
when there is marked erythropoiesis—i.e., great increase in red cell 
formation—macrocytes having a diameter greater than 7-25 , are also 
formed from normoblasts; (6) megaloblasts of about 11-22 » in dia- 
meter are found in the bone marrow only in pernicious anemia, 
certain nutritional and other severe anemias; they give rise to cells 
larger than 7-25 » called megalocytes. 

In most forms of anemia such as from chronic hemorrhage, or iron 
deficiency, the hyperplasia of the bone marrow is normoblastic, and 
the anemias are normocytic or microcytic, but in pernicious anemia and 
in one form of tropical nutritional anemia the hyperplasia is megalo- 
blastic and the anemias are megalocytic. The examination of bone 
marrow is usually done by puncture of the sternum. Other bones are 
sometimes punctured for this purpose. 

Red cell sedimentation rate, fragility of red cells, determination of 
blood volume, white cell total and differential counts, platelet counts, 
and gastric analysis for free hydrochloric acid may be needed for 
diagnosis in some cases of anemia. 

Heavy infestations with hookworms in the malnourished may lead 
to surprisingly low hemoglobin and numbers of red blood cells, cases 
with less than 2 gm. of hemoglobin per 100 c.cm. and cell counts of less 
than 1 million per cmm. have been recorded. In these cases there is 
an increased blood volume, which dilutes the cells and makes the 
anemia appear worse than it really is. 

The anemias are conveniently grouped into three categories from 
the average size of the corpuscles and the colour index :— 


Normocytic Microcytic Macrocytic or megalocytic 
and and and 
Normochromic Hypochromic Hyperchromic 
Acute hemorrhage Iron deficiency Pernicious anemia - 
Chronic infections Chronic hemorrhage Anemias of nutritional origin 
Nephritis Hookworm infestation other than iron deficiency 
Malignant tumours Malaria Anemia of sprue 
ickle-cell anemia Hemoglobinaria Liver disease 


Oroya fever 


The grouping is relative, one type may grade into another. Trowell ti 
suggested that many cases of nutritional anemia had a deficiency of 


21 Trans. R. Soc. trop. Med. Hyg. (1942), 36, 151. 
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both liver factor and iron; hence the marrow may show a mixture of 
megaloblastic and normoblastic reactions, he called these cases 
Dimorphic anemia. Thus treatment with liver extracts or folic acid 
may have a megaloblastic response and treatment with iron a normo- 
blastic response. 

The reticulocytes are young red cells. In normal blood the number 
of reticulocytes is usually about 1 per cent. of the cells. In anemias 
during phases of recovery the number is increased. There is a reticu- 
locyte response to effective treatment of anemia; the administration 
of drugs which will check the multiplication of the parasite in malaria, 
is followed by reticulocytosis; the administration of liver extracts in 
pernicious anemia, or iron when there is a deficiency of that mineral, 
or ascorbic acid in the anemia of scurvy may be followed by the appear- 
ance in the blood of large numbers of reticulocytes up to about 50 per 
cent. of all the red blood cells. Reticulocytosis is not an absolute 
index of therapeutic efficiency because certain drugs, such as arsenic, 
may cause persistence of reticulocytes in the blood without increase 
in red blood cells or hemoglobin. 

Nutritional Megalocytic Anemia. Mackie ? described a malignant 
anemia of the tropics in 1929. Two years later Lucy Wills 2% found 
a macrocytic anemia, particularly common among pregnant labouring 
class Indian women; it was curable by the oral administration of 
autolysed yeast in the form of Marmite. She called the condition 
‘tropical macrocytic anemia.’ When Fairley 24 found this type of 
anemia in Macedonia, he suggested the name “nutritional macro- 
cytic anemia.” But for this anemia it is better to use the word 
megalocytic. 

Many cases of this type of anemia respond well to treatment with 
folic acid, sometimes dramatically when other forms of treatment have 
failed. 

The bone marrow in this anemia is megaloblastic, and there is 
usually an increase in the bilirubin of the plasma (Van den Burgh). 

Cowan ”° described a number of cases occurring in Malaya. Table 
XXXVII shows the results of his examination of one of these cases, 
an Indian male, aged 45. Graph 3 shows the reticulocyte response to 
folic acid, the improvement being held up during the 3rd to 5th week 
until iron was administered. This particular case was dimorphic. 


a Mackie, F. P. (1929), Indian med. Gaz., 64, 305. 
*8 Wills, L. (1931), Brit. med. Jools Os 

os Trans. R. Soc. trop. Med. Hyg. (1938), 32, 132. 
*® Cowan, G, A. B, (1948), Ibid., 41, 525, 
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TABLE XXXVII 
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Grapu 3. Reticulocyte response to folic acid (G. A. B. Cowan) 
(Trans. R. Soc. trop. Med. Hyg.) 


Hookworm Infestation. The anemia is microcytic and hypochromic, 
but when there is good reticulocyte response it becomes macrocytic. 
Lehman “ has pointed out certain differences between these macrocytes 
and megalocytes, the chief being that the M.C.H. and M.C.H.C. are 
about normal with the former and definitely raised with the latter. 
He proposes the term “ coctic cells” (coctus = fully mellowed) for 
the macrocytes arising from reticulocytosis in hookworm infestation, 
(and presumably also for the macrocytes occurring during recovery 


26 Tancet (1949), i, 90. 
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from malaria). It has long been recognized that highly nutritious 
diets accompanied by the administration of iron will bring about a 
marked reduction of the anemia without anthelminthic treatment, 
even though the load of worms in the intestines remains high. Lehman 
has shown that recovery is not complete without anthelminthic treat- 
ment, the stoppage of recovery usually takes place when the hemoglobin 
has.reached 9-12 gm. per 100 ml. 

Treatment of Anemia. The accent should be on giving a diet rich 
in animal proteins and all other essential nutrients. Most patients 
will benefit from the administration of large doses of iron; the in- 
organic preparations, the sulphate or perchloride, are more effective 
than the organic preparations. Liver injections or folic acid appear 
to be needed for all cases of megalocytic anemias.”* 


Nutritional Edema (Famine Ckdema, Hunger (idema) 


The causes of oedema of malnutrition fall under three headings :— 

(1) Due to Deficiency of Vitamins mainly Thiamine. This is the 
predominant cause in beriberi, bringing about cardiac failure and 
increased permeability of the capillaries to protein. 

(2) Hypoproteinemia. The colloids of the plasma have a small 
osmotic effect, attributed mainly to the albumen fraction. At one 
time it was believed that the cedema prevalent in times of famine 
was due chiefly to a marked fall of the amount of protein in the 
blood. But a number of authorities have shown that there is very 
little correlation between the degree of cedema and the fall of 
protein in the blood. Hypoproteinemia probably has some 
direct effect and may have an indirect effect in the etiology of some 
forms of cedema. 

(3) Diminished Diuresis. In normal persons there is diminished 
diuresis in the erect posture, and this is increased in malnourished 
persons, especially those who are on diets of very low caloric 
value. In most cases of nutritional cedema rest in bed brings on 
increased diuresis and a rapid lessening of the cedema. 


There has been a suggestion to separate “ hunger oedema” from 
that occurring in wet beriberi. When, however, there is a general 
shortage of food due to war or failure of crops, the available food is 
likely to be unbalanced in more than one respect. The cedema 


; : ne 
’ For the details of blood examination the reader should consult ‘* Disorders of the 


Blood,” E. H. Whitby and C. J. C. Britt ; - 
book on Clinical Pathology, ritton. J. and A. Churchill Ltd., London: or a text- 
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prevalent in Europe during the war years was considered by some 
observers to be due to low consumption of protein, by others to 
thiamine deficiency, and others stressed the diminished diuresis of the 
undernourished... It is better to recognize that there is more than one 
factor, each acting to a variable degree under different circumstances. 


Liver Damage and Cirrhosis of Nutritional Origin 


In India, Java, Ceylon and several parts of Africa those 28 who have 
carried out many post-mortem examinations have reported that 
cirrhosis of the liver is six or more times as frequent as has been found 
in the post-mortem rooms of Great Britain. Further pre-cirrhotic 
conditions are still more common and occur even among children and 
adolescents. 

Two methods have come into use to facilitate the study of liver 
damage: 


(1) Biopsy. Whereby small cylinders of liver tissue are obtained 
by plunging syringe needles, of more or less large calibre, into the 
liver. Microscopical examinations and the determination of fat 
or glycogen can be done with the cylinder of tissue brought away 
within the bore of the needle. 

(2) Tests for Liver Function. These tests depend on the ability of 
the healthy liver to remove quickly from the blood dyes or 
other substances injected intravenously. Delay in removal is a 
sign of damaged liver. The bromsulphalein dye test being easily 
carried out, can be recommended (see Appendix VI, p. 440). 


In the hands of several investigators the biopsy procedure has shown 
pathological changes in the liver when there is no functional impairment 
as indicated by the bromsulphalein dye or other test. 

Early liver damage is characterized by cellular infiltration, with or 
without fatty infiltration, leading to increase of fibrous tissue. But 
the changes described by different observers are not always similar. 
The Gillmans 2° have divided the pathological changes as seen in South 
Africa into four types. 

Type I includes all those livers in which the accumulation of fat in 

the absence of hepatic cellular pigment and cirrhosis is the main 


feature. 


2 Rogers, L. (1911), Indian med. Gaz., 6, 47; Trimutri, T. S., and Rao, R. (1934), 
Indian med. Gaz., 59, 74; Bonne, C. et al. (1931), Geneeske. Tijdschr. Neder-Ind., 71, 506; 
Tyagaraja, S. (1937), Cey. J. Sci. Sec. D., IV, 119; Gillman, J., and Gillman. T. (1948), 
Lancet, i, 169; Oudendal, A. G. F. (1923), Genzesk. Tijdschr. Neder-Ird., 3, 2. 

*# Arch, Path. (1945), 40, 239. 
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Type I] includes those characterized by the presence of iron containing 
pigment chiefly in the hepatic cells and unassociated with cirrhosis. 
In many of these livers there may be a superimposed fatty change 
of varying intensity. 

Type III is similar to type IT except that the iron containing pigment 
is aggregated in large masses in liver cells, in Kiipffer cells, or in 
cells lying in the portal tracts. 

Type IV includes all livers unmistakably cirrhotic, the cirrhosis in 
every instance being associated with masses of iron-containing 


pigment. 


The Gillmans found an accumulation of iron-pigment (siderosis or 
cytosiderosis) in the livers of large number of pellagrins, examined by 
biopsy. Also they examined the livers of 261 Africans “ dying from 
acute trauma” and found cytosiderosis of various degree in the livers 
of 84 per cent., with definite cirrhosis in 9-9 per cent. They point out 
that in these presumably healthy Africans of the general population 
the advanced liver disease shows similar changes to those seen in the 
livers of pellagrins. 

Liver damage to this extent has not been recorded from other parts 
of the world, though recent publications show the need for further 
investigation in all tropical countries.*° 

Many workers have produced cirrhosis of the livers in animals by 
feeding them on nutritionally defective diets, and prevented the fibrosis 
by foods rich in proteins or vitamins. Fatty infiltration of the liver 
can be brought about in rats by lack of choline or substances con- 
taining a labile methyl group, particularly methionine. Also dogs on 
diets rich in fat and low in protein develop fatty livers. Severe and 
long continued fatty infiltration produces a diffuse fibrosis resembling 
Laennec’s cirrhosis. Muller and Whipple *4 reported that methionine 
can protect dogs against necrosis of the liver brought about by chloro- 
form. 

_Himsworth and Glynn *? have shown that rats given a low protein 
diet develop massive hepatic necrosis, and the degree of necrosis is 
to some extent dependent on the amount of protein in the diets. They 
use the term trophopathic hepatitis for liver damage due to deficient 
diets to distinguish it from toxipathic hepatitis produced by poisons 


3° For other references see Waterlow, J. C 2 

(1948), No. 263, and J. Amer, med. Age 1943)7191, G44 ote ee 
31 J. exp. Med. (1942), 76, 421. a ae 
32 Lancet (1944), i, 457. 
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such as chloroform or phosphorus. Beattie and Marshall 33 have 
recorded that methionine or casein digest rich in methionine will lessen 
the number of patients showing liver damage after arsenical treatment 
of syphilis. 

Although “ alcoholic cirrhosis” occurs in tropical countries, it is 
certain that the majority of cases of cirrhosis of the liver are not due 
to indulgence in alcohol. It is possible that the daily consumption of 
“hot” curries in the East may play a part in the production of 
cirrhosis. There are many stomach irritants, including essential oils, 
in curry stuffs, and as much as | ml. of these may be taken daily in the 
condiments. 

It is noteworthy that alcoholism among those who are addicted to 
heavy meals of “ hot” curries leads far more quickly to cirrhosis of 
the liver than with those who take similar amounts of alcohol but 
live on bland diets of European type. It may be that alcohol and the 
condiments enhance each others effects in producing gastritis. Some 
of the irritants of condiments are more soluble in dilute alcohol than 
in water, the potent irritant capsaicum of chillies is an example; and 
alcohol increases the absorption of them, which may result in direct 
damaging action on the cells of the liver. 

The prevalence of cirrhosis of the liver in the tropics is associated 
with diets having one or more of the following defects :— 

(1) Deficiency in proteins, especially those of high biological value 

in respect of methionine, lysine and tryptophane. 

(2) Excess of carbohydrates, this is particularly the case in rice 

diets. 

(3) Deficiency in vitamins. 

(4) Overloaded with irritant condiments. 


Malnutrition of Infancy 


Throughout the tropics the number of children dying within the 
first 12 months of life ranges from about 100 to 400 or more per 
thousand births. This infant mortality rate is far higher than in most 
countries of the temperate climates. In some countries it is customary 
to record the deaths of infants within one month of birth as a neo- 
natal mortality rate. This is valuable as it has some indication of the 
state of the mothers’ health during pregnancy. Where there is a high 
neo-natal mortality rate there is also usually a high rate of stillbirths. 

To a large extent the developing embryo has first call upon the 


88 Nature (1944), 153, 525. 
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reserves of nutrients within the mother’s body, there is maternal 
sacrifice. A mother at the time of the birth of her child may have a 
high degree of anemia, and yet the blood of the infant may show little 
or no signs of this; but there is a limit. The infants born of women in 
a state of malnourishment are usually undersized and not infrequently 
have small powers of survival. 

Very little work has been recorded of attempts to assess the causes of 
stillbirths or neo-natal deaths. Post-mortems were done in Ceylon on 
32 still-born children, and 44 infants dying within a few days after 
birth. Special note was made of the microscopical changes in the 
livers, kidneys and suprarenals. The sections from these organs of 
most of the still-born infants showed advanced changes apparently 
chiefly due to post-mortem autolysis within the cells; but in 15 cases 
there was evidence of much capillary hemorrhage, and masses of iron 
containing pigment suggested leaking of blood from the capillaries 
extending over some period of time before death. A similar hemor- 
rhagic condition was found in these three organs of the majority of 
the infants dying soon after birth: usually it was accompanied by some 
degree of cellular degeneration with patches of necrosis. 

There is little doubt that the surviving infants of malnourished 
mothers start life with a handicap, which can be countered only by 
adequate feeding during infancy and childhood, which very few of them 
receive. 

Deficiencies of nutrients within the mother’s body limit the quantity, 
but to a far less extent the quality of her milk. A mother’s deficiency 
of thiamine is one of the few defects reflected within the milk. 

Cows’ milk is available in many parts of the tropics in very small 
amounts, or not at all, as a supply for the majority of the poorer 
classes; so that when the mother’s milk fails an attempt is made to 
rear the infants on cereal paps. In many cases, where the mothers 
continue to give milk, the amount is insufficient for the full nourish- 
ment of the infants, consequently by the time of weaning there is a 
lower state of nutrition. 

The Three Scourges of the children of the poorer classes in many 
tropical lands are malaria, hookworm infestation and malnutrition. 
These vary in degree and there are many combinations and 
permutations among the manifestations of them. 
mines to. nome extent the Bpest eo aE ee ea 
infants: this is sepeuiali eee case ait soadeet ine ca ae 

respect of the staple cereal, the 
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signs and symptoms shown by an infant fed on rice pap will not be 
exactly the same as those of one fed on a pap of maize meal. 

In most countries there are local names for indefinite forms of 
infantile malnutrition—mandama in Ceylon, kwashiorkor of West 
Africa, diboba of the Congo and culebrilla are examples. The names 
used by those trained in the Western system of medicine are equally 
indefinite except in a general etiological sense—Barlow’s disease was 
the first name, others are pseudo-pellagra, infantile pellagra, Gillan’s 
cedema, pellagroid-beriberi and malignant malnutrition. 

By means of many examinations of the blood, urine and feces, 
and tests for depressed functions of the liver and other organs it may 
be possible in time to categorize the syndromes of infantile mal- 
nutrition; but the many factors involved renders it improbable that 
there will ever be a classification such as may be done with the infectious 
diseases. 

The following are most of the types which may be found in tropical 
countries :— 

Type I. Marasmus of General Malnutrition. The great majority of 
all cases of infantile malnutrition falls under this type. It is due 
to semi-starvation. In terms of calories the food may be sufficient, 
but because of the unsuitable nature of the food there is poor 
digestion and assimilation of it. Where the starvation is actual 
and not conditioned by digestive disturbances the infant wastes 
and dies without the appearance of any signs attributable to 
deficiencies of particular nutrients. 

In most cases, however, there is vomiting and diarrhoea from 
indigestion and lowered assimilation of the unsuitable food. 
Specific signs arise as reactions to gross imbalances in the diets. 
There are a number of sub-types depending on the duration of the 
malnutrition and the degree of its assimilation allowing reactions 
to various specific deficiencies. 

Type la. The Enteritis Type. There is vomiting and persistent 
diarrhcea. The stools vary considerably in appearance: they may 
be pale, dark or greenish, there may be steatorrhoea causing the 
stools to be pale and bulky from much fat and fermentation. In 
some cases the stools are nearly white or cream coloured, not due 
to fat, but apparently due to bleaching of bile pigments; these 
stools darken on standing or the addition of oxidizing reagents. 

Type Ib. Marasmus with Signs of Hyporiboflavinosis. These cases 
show angular stomatitis, cheilosis and glossitis. In many of them 
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there are swollen gums which may not be due to ascorbic acid 
deficiency. 

Type Ic. Marasmus with Signs of Vitamin A Deficiency. One or 
more of the following signs are present: xerophthalmia, kera- 
tomalacia, Bitot’s spots, phrynoderma or dry mosaic skin. 

Type Id. Marasmus with Signs of Scurvy. These cases show 
marked spongy bleeding gums, and petechial hemorrhages of the 
skin. 


Type II. Hypoproteinemia with Enlarged Fatty Liver. There are a 


number of sub-types. 

Type Ila. Hepatic Type. The accent in this type is on the liver 
damage. The bromsulphalein retention is markedly raised from 
15 to 50 per cent., the normal being 5 per cent. The albumen 
fraction of the blood is markedly reduced. The cedema in many 
cases is generalized, and is related to protein deficiency. 

Type IIb. The G:dematous type related to thiamine deficiency. This 
tends to clear up rapidly when that vitamin is administered. It 
might be considered better to include this type under infantile 
beriberi. The distinction is that beriberi is mainly a thiamine 
deficiency, whereas malnutrition of type Ilb is due to protein 
deficiency and polyhypovitaminosis. (PI. VII, Fig. 18). 

Type llc. Kwashiorkor. This term, meaning “red boy” in a 
vernacular of the Gold Coast, was first used by Cecily Williams 34 
for a form of malnutrition of infants having cedema, pallor of the 
skin, depigmented, straight, scanty hair and “‘ crazy pavement ” 
eruption. So much attention has been paid to this type of advanced 
malnutrition that the term kwashiorkor may be retained for cases 
showing the “crazy pavement” eruption. Trowell ** gives the 
following description of this eruption: ‘“‘ The dermatosis is best 
seen in children who have a pale skin. It appears as dark areas 
of dark-brown varnish, which have cracked, revealing very pale 
areas underneath. These islands of dark skin stand out clearly 
on the pale sea of depigmented skin, and resemble an archipelago. 
They occur over pressure areas of the buttocks, ribs, spine, and 
thighs. They peel in moist areas like the groins. They seldom 
feel very rough, but are harsh and dry to the touch. In adults, 
a more indefinite type of dermatosis occurs, but roughness and 
hyperkeratosis are more marked. A few dark plaques of crazy 


8 Arch. Dis. Childh. (1933), 8, 423. 
°° E. Afr. med. J. (1944), 20, 137, 


DISORDERS OF MALNUTRITION 167 


pavement scales may be seen over the great trochanters, pelvic 
brim, spines of the vertebre, ribs and elbows. Less marked areas 
of crazy pavement are often visible over large areas of the body, and 
are specially common on the shins as shiny cracked areas of 
reptilian skin, rather like a mild form of ichthyosis.” Although 
the above description appears to include the mosaic eruption 
common in many types of malnutrition and an eczema of the 
moister parts, it will serve as a description of crazy pavement 
eruption (see Pl. VII, Fig. 17). 

Type IId. There is a type occurring in Africa which appears to be 
related to pellagra much as type IIb mentioned above is related to 
beriberi. It is due to the attempt to rear infants on pap of maize 
meal. The Gillmans ** of South Africa have described the liver 
damage occurring in cases of this type. Davies *’ states that an 
early and important change is fibrosis of the pancreas. Probably 
the term pellagra or pellagroid will continue to be used for this 
type, although it may be less confusing to confine the term pellagra 
to cases showing the classical eruption of the exposed surfaces, 
the mouth lesions and diarrhoea typical of that disease. 


It will be realized that whatever types are suggested, there will be 
combinations of them, and they will overlap and merge into one 
another. Barlow’s disease has not been included in the above types 
as it is very rare or does not occur in the tropics. It is severe mal- 
nutrition in which there are signs of both rickets and scurvy. 

Some degree of microcytic or macrocytic anemia occurs in all 
types. 

The naked eye appearances at post-mortems on malnourished 
children seldom throw much light upon the subject. In many cases 
there are signs of secondary infections, such as skin sepsis, bronchitis, 
pneumonia or dysentery. Worm infestation is common. Micro- 
scopical examinations are a little more revealing, there is usually 
hyperemia and some erosion of the mucous membrane in various 
parts of the alimentary tract, the liver shows fatty and other degenera- 
tive changes. Hyaline degeneration occurs in the kidneys. Capillary 
hemorrhages may be present in the liver and other organs. The 
nervous system shows changes similar to those of subacute combined 
degeneration.** 


36 Arch. Path. (1945), 40, 239. 

il Stem med. Ass. (1945), 129, 12; S. Afr. J. med. Sci. (1945), 10, 53; Lancet (1946), 
ii, 446; Lancet (1948), i, 317. 

*8 Nicholls, L. (1935), Indian med. Gaz., 70, 550. 
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Minor degenerative changes in the central nervous system probably 
take place in all advanced types of malnutrition, but the diagnosis in 
life is difficult or impossible in the case of infants. 

Treatment of Malnutrition. The main aim should be to get the 
patient to take digestible diet of high nutritive value in proteins, 
vitamins and minerals. It should be based on whole milk, which 
may be predigested. Fruit juices and well strained vegetable and bone 
soups should be given. Ripe bananas thoroughly mashed in milk 
will sometimes check diarrhoea. Injections of preparations of liver, 
and, by mouth, autolysed yeast (marmite) and desiccated hog’s 
stomach (Ventriculus Desiccatus) may be of value in selected cases. 
The Gillmans have reported marked success in treating malnourished 
infants with 5 gm. doses of powdered stomach; other investigators 
have not had similar successes. Concentrates from fish-liver oils 
should be given in almost all cases. Vitamin A in dispersions in water 
being readily absorbed may be more effective (see p. 74). There are 
cases in which the subcutaneous injection of vitamins is indicated; the 
injection of thiamine in infantile beriberi is sometimes dramatically 
effective. Dietary treatment is all important, and generally the use of 
the hypodermic syringe should be avoided. It must be borne in mind 
that in malnutrition there are many imbalances among the nutrients, 
and the giving in large doses of a single vitamin may increase one or 
more of these imbalances. 

An adequacy of protein in the diet is as important as an adequacy 
of vitamins, especially in cases where there is liver damage. 

Hydrolysates of protein with glucose may be given by stomach tube 
in cases of collapse, or by intravenous injection to patients unable to 
retain food; but they have not been the success at one time expected of 
them, and they are contraindicated where there is any kidney damage. 

Prevention of Malnutrition in Infancy. The actions which should be 
taken by the Public Health Authorities to combat malnutrition are 
dealt with in Chapter XVIII. It must be realized that under peace 
time conditions the matter of primary and fundamental importance is 
good government in home affairs to banish poverty and ignorance, 


Decay and Irregularities of the Teeth 


Apart from malformations and irregularities of the teeth, and a 
condition called dental erosion, all or almost all disorders of the 
teeth fall under the term caries or dental decay. The causes of dental 
decay are manifold. 


cod Eva crag 











Fic. 17. Crazy Pavement Eruption. 





Fic. 18. Nutritional Edema. 


[To face p. 168. 


PLATE VIII 





Fic. 19. Commencing Decay of Deciduous Teeth at 
Gum margin of Child Aged 1! Years. 





Fic. 20. Later Stage of ‘“‘ Bar” Decay of Deciduous 
Teeth. 


(Photos by Dr. F. A. Thompson, Trans. R. Soc. trop. Med. Hyg.) 
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The etiology of caries may be considered under two headings :— 

(1) Environmental Factors within the Mouth. Most of these are 
connected with the refinement of manners, and to a far greater extent 
with the refinement of food. 

All structures of the body need exercise or they will weaken from too 
little use. The savage gnawing fibrous vegetable food or tearing meat 
from the bone and grinding the softer bones is cleaning and toughening 
his teeth. The nature of his food is likely to cause uncomfortable 
lodgments between the teeth, and he spends much time with a bone 
tooth pick or a frayed stick cleaning his teeth. 

Civilized man has reduced by selective cultivation the amount of 
fibre in his vegetables, and much of the work of his teeth is done by 
knife, fork and mincing machine. One of the main aims of processing 
foods is to render the use of the teeth almost needless; there is little 
to be found in the grocer’s shop which cannot be masticated by the 
edentulous. Bread, fish and potatoes require little chewing. 

The evidence from animal experiments and the study of the effect 
on the teeth of a change from rough foods to refined foods by 
peoples of primitive tribes is conclusive that there is a connection 
between dental caries and sugar and refined starchy foods. 

Minute particles of food soaked with sugar or other easily ferment- 
able carbohydrate, accumulating between the teeth or in other 
crevices, afford an excellent pabulum for bacteria. Acid fermentation, 
proteolytic or other effects, taking place in these minute cess pits, 
damage the structure of the teeth and pave the way for actual bacterial 
invasion of the teeth. The bacterial fauna of the teeth is enormous, 
but little is known of the actions of one or other of the many species or 
the symbiosis between them. 

(2) Nutritional Defects of Diets. Much work has been done with 
rats, dogs, monkeys and other animals in an attempt to find the effects 
of deficient diets on the formation and maintenance of healthy teeth, 
but most of it is of an inconclusive nature when considered in respect 
of human dietaries. 

In vitamin A deficient rats the odontogenic epithelium fails to under- 
go normal differentiation. In ascorbic acid deficient guinea-pigs the 
odontoblasts show degeneration. 

Lady M. Mellanby *° has stressed the importance of vitamin D for 
the health of teeth, and she brings forward evidence that a deficiency 
of this vitamin is a cause of dental decay among children in Great 


39 For references see Spec. Rep. Ser. med. Res. Coun., Lond., 1936, No. 211 
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Britain. It is improbable that this deficiency is a prevalent cause of 
caries in the tropics. 

Decay far more often affects the upper incisors than the lower, 
and especially is this the case with the deciduous teeth. In one survey 
in Ceylon of school children between the ages of 5 and 7 years, among 
278 poor class children 21-4 per cent. of all the upper deciduous incisors 
had undergone some degree of decay, and a similar figure in respect of 
134 children in a college preparatory school was 3-9 per cent. Very 
little decay was found in the lower incisors, the figures for the children 
of the two social classes being 2 and 0-7 per cent. respectively for all 
the lower incisors. 

In the tropics of the East there is one very common type of decay 
of the deciduous teeth of labouring class children; it is associated 
with swollen gums which bleed readily, and starts where the margin 
of the gums is in contact with the teeth; as the decay progresses it 
appears as a dark band of erosion passing across and more or less 
deeply indenting the anterior surface of the teeth, which are finally 
reduced to blackened stumps. This condition is well shown in PI. VIII, 
Figs. 19 and 20 from photos by Dr. Adam Thomson of Fiji. 

It is curious that these decayed deciduous stumps may be replaced 
by what appear to be perfectly healthy permanent teeth although 
they were being formed within the jaws while the deciduous teeth were 
decaying. The diets on which these children live are usually deficient 
in riboflavin, vitamin A and calcium. 

Fluorine is present in teeth in minute quantities. There is some 
evidence from animal experiments, and from dental surveys among 
human beings made in areas where there is much less than 1 p.p.m. 
of fluorine in the drinking water that this mineral gives the teeth some 
protection against decay.*° Greater amounts than 1 p.p.m. in water 
of fluorine may lead to fluorosis (see p. 383). 

Irregularities and Malocclusion of the Teeth. Various forms of 
irregularities of the teeth of the fore-part of the jaws are relatively 
common among the lower classes in countries where malnutrition is 
rife in women during the time of pregnancy, and among infants at the 
time of weaning. John Hunter pointed out that the part of the jaws 
which carries the deciduous teeth does not increase in length after the 
eruption of the deciduous teeth; this has been confirmed by Tomes in 
recent years. The deciduous teeth develop at the same time as that 
part of the jaws which carries them, and any stunting of growth from 


*° J. Dent. Res. (1943), 22, 129 and 173. 
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whatever cause may equally affect both the teeth and the jaws. If in 
later life, when the permanent premolars, canines and incisors are 
developing to replace the milk teeth, the cause of the stunting is no 
longer present, the permanent teeth will be of normal size, but there 
will be insufficient space for their orderly alignment in the stunted 
part of the jaw which carries them. A similar disharmony of growth 
does not occur with the molar teeth, because they are growing pari 
passu with that part of the jaws in which they are embedded. 


The Surgical Aspects of Malnutrition 


Malnutrition delays the healing of wounds, increases the suscepti- 
bility to shock, and liability to liver damage, and lowers the resistance 
to infections. Good nutrition of those who must undergo operations 
enhances the number of successful operations and lowers the mortality 
rate. These facts have led to a greater recognition of the importance 
of dietetic treatment of surgical patients. 

Proteins. Particular attention has been paid to giving diets rich in 
proteins, because all forms of trauma, whether of burns, fractures, 
dislocations, effusions into joints or surgical incisions, are followed 
by a large increase in the amount of urinary nitrogen, leading to a 
marked negative nitrogen balance within the body. For example, a 
patient with a fractured bone lost 137 gm. of nitrogen in the course of 
10 days, this represents 86 gm. of protein a day. Surgeons have 
attempted to prevent this negative balance in their patients by giving 
before and after operations protein food in a concentrated form such 
as thick suspensions of powdered beef, liver and milk balanced by the 
addition of sucrose or other easily digested carbohydrate. 

Milk as it comes from the cow is too dilute to supply the nutrients 
in small volume. One of the simplest preparations is made by sus- 
pending 100 gm. (2? oz.) of skimmed milk powder in a quart of milk. 
This reinforces the milk so as to yield 65 gm. of protein and 980 calories 
per quart. 

Protein hydrolysates by mouth or intravenously are used. ‘* Amigen ”’ 
an enzymatic digest by pork pancreas is an example. 

Miller and Whipple 4! showed that, when the protein stores in dogs 
are depleted, they are rendered particularly liable to necrosis of the 
liver from chloroform poisoning. Himsworth and Glynn *° have 
shown that rats given a low protein diet develop hepatic necrosis, and 


41 J, exp. Med. (1942), 76, 421. 
42 J ancet (1944), i, 457. 
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the degree of the necrosis is dependent on the amount of protein in 
the diets. Beattie and Marshall 4 have recorded that methionine or 
casein digest rich in methionine will lessen the number of patients 
showing liver damage after arsenical treatment. 

Liver damage is common among malnourished patients attending 
hospitals in the tropics, it is important, therefore, that those who are 
to receive anesthetics or arsenical drugs should be given diets rich in 
proteins to prevent further damage to the liver. 

Vitamins. It has been known for centuries that scurvy prevents 
the healing of wounds, and the setting of bones; not only so but, 
when the disorder is severe, healed wounds may break down. Patients 
with wounds use more ascorbic acid than uninjured persons, the amount 
depending on the severity of the wound. Patients with extensive 
burns require large doses of ascorbic acid to maintain the plasma 
content at the normal level. Zerbini ‘4 describes two cases of shock 
with dangerous fall in blood pressure during operation; the patients 
were deficient in ascorbic acid and the condition was relieved by 
administering large doses of this vitamin. It is suggested that shock 
may be due to depletion of ascorbic acid from the adrenals leading to 
the diminished production of the adrenal hormone. Another point of 
importance in surgery is that ascorbic acid deficiency produces a liability 
to hemorrhage. 

Vitamin K must be given prior to operation to all patients with 
obstructive jaundice (see p. 135). 

The level in the blood of the vitamins of the B complex have been 
shown to fall as the result of trauma; though apparently not to the 
same degree as is the case with ascorbic acid. 

Vitamin A or riboflavin deficiencies lead to impairment in the 
epithelial structures of the eye. Ophthalmic surgeons practicing in 
countries, where the diets are often deficient in these vitamins, may 
find that there is better and more rapid repair of eye wounds when the 
patients receive adequate amounts of these vitamins. 

Ulcers. A form of ulceration of the skin and subcutaneous tissue, 
most frequently occurring on the shins, has received many names, 
among these are ulcus tropicum, veldt sore, desert sore, Naga sore and 
barcoo rot. These ulcers are found throughout the tropics under 
various conditions in both dry and wet zones. It would be Strange if 
all were due to a single etiological factor. 4 


*8 Nature (1944), 153, 525. 
ae Arch, Surg. (1947), 54, 117. 
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The type most frequently seen is a punched out purulent ulcer with 
raised edges. There is oedema around often spreading into the sur- 
rounding tissues; by puncturing near the edge fluid can be obtained 
which contains very few leucocytes, it appears as though the cedematous 
fluid acts as a barrier between the invading organisms and the forces 
of healing. 

All ulcers start from injuries. The liability to injury varies with 
the surroundings, it is far greater among those working in the thorn 
scrub of the veldt than among most workers in towns. Some toxic 
substance may enter the small wound at the time of injury; this occurs 
with tick, insect and leech bites, and some thorns are very irritating. 
This aggravation of the injury delays healing and allows the entry and 
multiplication of micro-organisms. A host of different bacteria may 
be found in these ulcers. Bacillus fusiformis and Treponema vincenti 
are particularly common; and staphylococci and streptococci are 
seldom absent. 

Obviously the virulence of the invading organisms will vary under 
different circumstances, and there will be different degrees of acquired 
immunity to the organisms. When the wound is poisoned on infliction, 
the organisms are virulent and the immunity is not high, ulcers may 
occur among the well fed. 

But the prevalence of indolent ulcers among malnourished labourers, 
and ill-fed internees and prisoners of war, leaves little doubt that 
defective diets may predispose to ulcers and delay healing. A deficiency 
in some particular nutrient may be the main cause; people of the 
desert may be prone to ulcers because of a deficiency of ascorbic acid 
from a lack of fresh food. Where the diet is particularly low in protein 
and nutritional cedema occurs, the resistence of the skin and sub- 
cutaneous tissue is depressed; a good example of this was the prevalence 
of indolent or phagedenic ulcers in some internment camps during the 


late war. 


Starvation 

Complete starvation, in which no food is taken, quickly leads to 
emaciation with physical and mental exhaustion. The subcutaneous 
tissues and the mesentries are the first to shrink, followed by the 
skeletal muscles and the abdominal organs; the heart and the brain 
are the last to lose weight. The patient becomes completely apathetic 
and appears to have lost all interest in life. The pulse becomes slow 
with a rate of between 35 and 50 beats a minute. The resting blood 
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pressure drops to 60-80 mm. systolic and 30-40 mm. diastolic. The 
basal metabolic rate falls far below normal. There may be no tem- 
perature or pulse rate reactions to infections. A starving man may 
lose half or more of his original weight before death takes place. 
Nutritional oedema, anemia, beriberi, scurvy, pellagra, and all other 
signs and symptoms characteristic of reactions to unbalanced diets do 
not occur when the starvation is complete. 

Chronic Partial Starvation. When food becomes scarce as from 
failure of crops following drought or other cause, or in war devastated 
lands, most cases of starvation are due to an insufficiency of food but 
not an entire lack of it. The diets are usually unbalanced, being over- 
loaded with carbohydrates and deficient in most other nutrients. 
Further, much coarse and unaccustomed food may be eaten, causing 
indigestion and diarrhoea. The clinical picture presented by the 
afflicted varies with the nature of the small amount of food available. 
A falling rate of basal metabolism, slowing pulse and lowering of the 
blood pressure are common in all except during the early stages. 
Usually there is aggravation of the results of deprivation of food from 
anxiety and overwork; the skin becomes dry and coarse and cold to 
the touch. Insomnia is common from pains and cramps in the limbs, 
and frequency of micturition. Sleep may be disturbed by evil dreams. 
There is suppression of the menses in women. When the muscular 
atrophy becomes extreme, it can be described by the terms cadaverous 
and ‘skin and bones.” The eyes may be bloodshot, and there may 
be failing sight. Fractures may occur from osteoporotic changes in 
the bones. Nutritional edema, “ burning feet and hands,” and sore 
mouth with increased salivation are common in chronic starvation : 
but beriberi, flagrant pellagra, and various disorders of the nervous 
System are common only when the-diets have a caloric value about 
1,500 and are markedly deficient in various vitamins. The fluid 
retention in oedema may mask a loss of weight. 


Treatment of Starvation 


In extreme cases of starvation the functions of the alimentary tract 
are greatly depressed or lost, so that food is not digested and may pass 
through the tract almost unchanged. The state of the patient may 
reach a stage when bodily changes have become irreversible, and then 
death is inevitable. 

Obviously the aim of treatment is to get the patient to take easily 
digested highly nutritious food. The first to be given should be 
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skimmed milk, which may be peptonized, and well strained vegetable 
and meat soups; glucose should always be added to the milk. As 
soon as the patient is able to digest these, the diet can be gradually 
increased with whole milk, lean meat, fish, vegetables and fruits. 

Some of the collapsed patients may be saved by the intravenous 
injection of hydrolysates. There are various forms of these. One 
consisting of glucose 5 per cent. and protein hydrolysate 5 per cent. 
with the addition of riboflavin, niacin and thiamine was used in the 
Bengal famine of 1943. It was given in amounts of 200 c.c. at each 
injection. Hydrolysates may also be given by nasal tube. The results 
of the use of hydrolysates either intravenously or by mouth have been 
less successful than might be expected; hence the accent must be on 
skimmed milk and strained soups. 


Conditioned Deficiencies 


There is malnutrition in many diseases. This may be due to faulty 
metabolism in which the nutrients are inadequately used, or the 
lowered absorption from intestinal disorder. The neuritis which occurs 


in some cases of dysentery or typhoid may be the result of insufficient 


: 


absorption of essential vitamins by the disordered alimentary tract. 

Sprue. Whatever may be the etiology of the onset of sprue, from its 
early stages it is a syndrome in which the signs, symptoms and pathology 
are those of general gastro-intestinal indigestion with low absorption 
of the nutrients or the destruction of them within the intestines. 
Nicholls 4° from studies in Ceylon, and Elders in Java *#® had advocated 
long ago that the signs of sprue were those of a vitamin deficiency 
disease. This aspect received more attention when Manson-Bahr *’ 
started to treat sprue with vitamins, and recorded that doses up to 
300 mg. of niacin and 3-9 mg. riboflavin daily for three weeks brought 
definite cures or great improvement to almost all his patients. 

The treatment of sprue is dietetic accompanied by the administration 
of vitamins in large doses and the countering of the anemia with liver 
injections or folic acid (see p. 111). 


45 Indian med. Gaz. (1918), 53. 
46 Ned. Tijdschr. Geneesk. (1919), 21, 1683. 
47 Trans. R. Soc. trop. Med. Hyg. (1941), 34, 347. 


CHAPTER X 


PROCESSING AND PREPARATION OF FOOD 


Milling and Preparation of Cereals 


The cereals are the seeds of grasses (graminez), most of which have 
been vastly improved by cultivation through the ages. They include 
wheat, rice, rye, maize, barley, oats and many millets. 

It is necessary to know the structure of cereal grains and the relative 
distribution of the vitamins and other nutrients within these structures 
for an appreciation of the results of milling or other kind of preparation. 

A cereal grain is made up of the following structures :— 

The husk or hull, which may be loosely attached as in the case of 
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Fic. 21. Diagrammatic section through Fic. 22. Diagrammatic section 
wheat grain. through rice grain. 

wheat, and is separated during thrashing, or firmly adherent as in the 
case of paddy—as rice is called before it is husked. The husk consists 
of woody cellulose almost useless as food for cattle. The husks form 
20 per cent. or more by weight of paddy, and are used to fire the 
furnaces of almost all the rice mills of the East, no other fuel being 
needed. 

The pericarp consists of two to four fibrous layers, the number is 
not the same for all cereals. The pericarp contains some nutrients. 

The testa consists of fibrous layers lying between the pericarp and 
aleurone layer. 

The aleurone layer is a layer one cell deep; it is rich in nutrients. 
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Fic. 24. Paddy and Rice in Stages of Milling. 


(a) Paddy in husk. 

(b) Part of husk removed. 

(c) Grain with pericarp and embryo. 

(d) Grain, lightly milled, aleurone layer exposed. 

(e) Grain, highly milled, aleurone layer and germ having 
been removed. 


(Scientific Service Roche.) 





FiG. 25. Planter’s Rice Mill, Engelberg Type, 
(Lewis C. Grant, Dysart.) 
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The germ or embryo is situated at the lower end of the grain; it is 
the most nutritious part. It is made up of three structures—scutellum, 
plumule and radicle.! Some authors have found it convenient to 
“use the word germ for these three structures and to reserve the word 
embryo for the plumule and radicle (see Fig. 21). 

The endosperm comprises the greater part of all cereal grains; it 
may be divided somewhat indefinitely into outer and inner endosperm. 
The parts of the endosperm nearest the aleurone layer are richer 
in nutrients than those in the interior of the grain. 

Fig. 21 shows diagrammatically the structures of a grain of wheat. 

Fig. 22 is a diagram of a section through a rice grain to show the 
structures of importance in milling. 

m= Pl. IX, Fig. 23, is a photograph of the germ of a rice grain; the 
sheaths of the radicle (coleorhiza) and plumule are thicker than in 
the case of wheat. 

Pl. X, Fig. 24, is a photograph of paddy and the rice in various 
stages of milling. 


- The Nutritive Value of the Various Structures of a Cereal Grain 


As has been mentioned under the history of the vitamins (p. 56), 
the first indication that these accessory food factors were not distributed 
evenly throughout a cereal grain came from the work of Eijkman and 
others investigating the cause of beriberi in the Far East. The first 
biological assays of the products of rice mills carried out in the early 
years of this century showed that when rice was highly milled most 

of the antineuritic vitamin appeared in the bran. It was obvious 
that the greater part of the bran came from the outer parts of the grain, 
and these parts were comprehended—somewhat obscurely—under the 
term pericarp. Until very recent times rice milling was discussed by 
nutritionists almost entirely in terms of the amount of pericarp removed 
from the grain: the teaching was that the less that was removed the 
better. But rice bran is made up of much more than pericarpal powder: 
various amounts of the plumule, radicle, scutellum, pericarp, aleurone 
layer and endosperm become intimately mixed in the whirlpools of the 
mill. 

In 1941 I. A. Simpson 2 found that the embryo (germ) of rice con- 
tained about 50 per cent. of all the thiamine of the grain. The most 
notable work, however, has been done by J. J. C. Hinton. His first 


1 The epiblastic covering layers have received names, such as coleorhiza for that over 


the radicle. , 
2 Note by R. A. Alston, Malaya agric. (1941), p. 127. 
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work was with cereals other than rice, by painstaking dissection he 
separated the pericarp, testa, aleurone layer, plumule, radicle and 
scutellum, collecting sufficient of each for vitamin analyses. 

Table XXXVIII gives some of Hinton’s * results :— 


TABLE XXXVIII 
EE 


Per cent. of grain by weight Per cent. of total 
thiamine in grain | Scutellum 




















Plumule and Radicle| Scutellum |Plumule and Radicle 
Wheat (over: of 11 1:20 1:54 351 59 
samples). 
Rye : : : 1-80 1:73 5:2 82 
Barley (husked) ; 1-85 eS 8-4 49 
Maize . : - 1:15 oy [P) 8:35 85 
Oats (husked) : 1-60 Zo 4-5 28 


ee 


It will be seen from Table XXXVIII that a high proportion of the 
total thiamine of cereal grains is concentrated in the scutellum, which 
comprises only a small percentage of the grain. Rice is no exception 
to the general rule; although there is considerable variation in different 
samples, the following figures give roughly the general averages: 
scutellum 50 per cent. of all the thiamine in the grain, plumule and 
radicle 10 per cent., pericarp 10 per cent., aleurone layer 20 per cent., 
endosperm 10 per cent. 

As regards other vitamins there is not quite so much concentration 
in the embryo. Table XXXIX gives the approximate distribution of 
riboflavin and niacin in wheat. 


TABLE XXXIX 


Percentage of Total Riboflavin and Niacin in a Grain of Wheat 


_ Outer coats Plumule 
including aleurone | Scutellum and Endosperm 
radicle 


Riboflavin 
Niacin 





The outer coats and germ of wheat are about ten times as rich in 
pyridoxine as the endosperm, but as the endosperm constitutes much 
the greater part of the grain about half the pyridoxine remain in flour 
of 75 per cent. extraction. Similarly more than half the pantothenic 


3 Biochem. J. (1944), 38, 214-217. 
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acid of wheat remains in 75 per cent. extraction flour. The oil soluble 
vitamin E is concentrated almost entirely in the germ. 

The outer coats and germ of cereal grains are much richer in protein, 
fats and minerals—including iron and calcium—than the endosperm. 
Table XL gives rough average analyses of samples of germ, bran 
(integuments) and endosperm of rice. 


TABLE XL 





Water | Protein Fat | Carbohydrates| Minerals Fibre 


Germ : : 9 ae 18 33 6-0 





20 
Bran ' : 9 18 10 48 6:0 9-0 
Endosperm : 11 af. 1 79 0:5 0:5 








The figures are percentages. 


The Digestibility of the Various Structures of Cereal Grains 


The digestibility of a cereal depends to a great extent upon the 
amount of fibre present. Moran and Pace ® give the following figures 
_for wheat flour of various extraction :— 


TABLE XLI 

Wheat flour per Fibre Pure bran Calculated 
cent. extraction per cent. per cent. digestibility 

a trace a 97-0 

85 0°55 3:9 93:9 

90 1:0 iy | 91-5 

95 id 10-7 88-7 

100 1-95 13-9 86:3 


The pericarp and testa are the most indigestible parts of the grain 
being high in fibre content and phytates; the aleurone layer is more 
digestible. 

The term indigestible is used here as regards the amount of nutrients 
lost during digestion because they are not readily accessible to the 
action of the digestive juices of the alimentary tract, it must not be 
confused with its popular use in a subjective sense. When a person 
has been accustomed to white bread or highly milled rice, the con- 
sumption of whole meal bread, or undermilled rice, may be followed 
by a feeling of heaviness in the stomach, which is referred to as in- 
digestion, as indeed it is. Also indigestion can arise from highly 
milled cereals because of their deficiencies in vitamins. 


The Product of Mills, and the Public, the Millers, and Nutritionists 


The aims of millers and nutritionists have not been in complete 
4 Moran, T., and Pace, J. (1942), Nature, 150, 225. 
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accord. Both are, to some extent, in the hands of the public, where the 
demands are that the products of the mills—whether straight from a 
mill or after cooking—shall have: 


(a) An inviting appearance, usually with a high degree of whiteness. 

(b) An acceptable flavour, free from anything which might be called 
= taint. 

(c) Be easily digestible—but only from one meal to another, because 
the public cannot readily realize a cumulative action which may 
lead to digestive disturbances at a later date. 


These demands have led to the production of refined white flours and 
highly milled rice. The fashion has not been set entirely by the public, 
the millers have been partly responsible. They have designed elaborate 
and ingenious machinery by which the more nutritive parts of the 
grain can be separated from the white endosperm; and further they 
have used potent chemicals to bleach the flours (see p. 185). 

Food fashions in many parts of the world start among the well-to- 
do classes, and the labouring classes soon follow them. In some 
matters this may be unimportant. But a fashion, leading to the con- 
sumption of a staple cereal rendered deficient by milling, may cause much 
ill-health among the labouring classes who must take it in large amounts 
inadequately reinforced by other foods, which are rich in the deficient 
nutrients; whereas it causes fewer ill effects among the well-to-do who 
take it in small amounts and can afford to reinforce it with expensive 
and nutritious foods. 

Apart from a desire to supply the demands of the public, the millers 
are influenced by other factors, and among these are the requirements 
of live stock breeders for brans and meals to feed their cattle, and the 
keeping quality of the products of their mills. Flours of 80 per cent. 
or more extraction and lightly milled rice do not keep as well as low 
extraction white flour or highly milled white rice. There are three 
reasons for this: 


(a) When the germ is retained its diastatic enzyme reduces starches 
to the easily fermentable dextrines and sugar. 

(6) Much of the fat is retained in the less refined products, and this 
may lead to rancidity. 

(c) Many of the lower forms of life have similar nutritional require- 
ments as man, and hence the more nutritious the product the 
better they can flourish in it. Bacteria, moulds and insects—such 
as the little flour beetle (Tribolium) and weevils—do not multiply 
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readily in low extraction white flours or highly milled rice, and 
therefore these products can be stored longer without deteriora- 
tion than the nutritious products of higher extraction. 


The high temperature of the tropics promote the spoiling of food- 
stuffs, so that millers and traders obviously prefer commodities of the 
best keeping qualities. 

The aims of the nutritionist are that the products from the mills 
should have good digestive and nutritive properties. These may be 
achieved by the removal of the fibrous pericarpal layers and the reten- 
tion of the scutellum and aleurone layer: not a simple matter nor one 
that has been finally solved. Further his interest extends to good 
storage, forms of transport and marketing which lead to the quick use 
of cereals or delay the spoiling of them. 


Primitive Methods of Preparing Cereals 

Aboriginal methods of reducing grains to a coarse flour—such as 
by crushing or pounding between two stones—are still practiced in 
some backward parts of the world. The most widely used of these 
methods of preparing a cereal for the cooking pot is the pounding of 
paddy to produce rice. Millions of villagers throughout Southern Asia 
still pound paddy for their daily meals. This is done by placing the 
grain in a hollowed out cavity in a block of stone or wood and pounding 
it with a heavy rod of wood about 5 ft. long and weighing about 7 lb. 
Another form of pounder is a block of wood fixed to the underside of 
one end of a long horizontal board, pivoted between two vertical posts 
like a childrens’ see-saw; when one end of the board is lowered to the 
ground and released, the block of wood at the other end falls by its 
own weight upon paddy placed in a cavity of wood or stone; this 
form of pounding is usually worked by the foot. 

The pounding of paddy is heavy work and in most parts of the 
tropics it is done by women who pound only as long as is necessary 
to remove the husks and the greater part of the more fibrous outer 
coats; generally the plumule and radicle are removed, whilst a large 
percentage of the grains retain the scutellum or part of it. Conse- 
quently home pounded rice has a fairly high nutritive value. It is 
possible, however, to produce by long pounding a very white rice 
deficient in thiamine. 


Flour Milling 
There are three important types of mills used for the production of 
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flours or meals. They are—stone mills, percussion grinders, and roller 
mills. 

Stone Mills. Man first revolved one circular stone upon another 
to grind his corn at least 5,000 years ago. At first the stone was 
turned by hand, then cattle harnessed to a beam were driven round 
and round a narrow circle to turn the stone, later wind and water 
mills were invented, and finally various types of engines burning fuel 
were used. Engine driven stone mills are still much used for preparing 
flours or meals from maize, rye, oats and barley. The stones may be 
arranged horizontally upon one another, usually with the under stone 
revolving against the fixed upper stone, or both stones may revolve 





Fic. 26. ‘Briton ’’ hammer mill. 
(‘‘Provender Milling.’’ J. F. Lockwood, Northern Publishing Co. Ltd.) 


each in opposite direction. A vértical arrangement of the stones 
takes up less space, and the mill has a higher capacity. Until the 
introduction of roller mills all flour for the making of bread was 
prepared by stone mills; this had the advantage that the production of 
a very white flour almost entirely from the endosperm could not be 
achieved in these mills, hence the bread retained a fair percentage of 
desirable nutrients. : 
Percussion mills, in which metal beaters revolving at a high speed 
smash grain into a powder are used for such materials as oil cake, 
when it is required to produce a fine meal at a single operation. There 
are several types of percussion mills, and the latest development of 
this high speed grinder is the hammer mill. These mills have been 
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increasingly used in recent years for grinding maize, and there is 
some evidence that this use has been followed by an increase in pellagra 
in certain parts of Africa. This may be connected with the efficiency 
with which this mill grinds to a fine powder the maize bran so that it 
cannot be sifted from the meal (see p. 142). 

Fig. 26 is a diagram of a ‘‘ Briton”? hammer mill. Within a cast 
iron chamber (1) is the grinding member consisting of a series of steel 
plates (2) mounted on a shaft (3), the beaters (4) are pivoted to the 
plates on pins (5). An extension of the shaft carries a fan rotor (6) 
in a steel lined case(7). The feed enters through the inlet (8) and 
after being ground passes through the screen(9). The meal is 
drawn by the fan along a duct (10) and discharged into a metal chamber 
—called a cyclone—ready for sacking. 

Roller Mills. Although the production of flour by passing corn 
between revolving iron rollers had been tried more than 100 years 
ago, it had not been found very satisfactory, until about 1873, when 
the Hungarians began to use porcelain rollers. Fluted steel rollers 
soon replaced those of porcelain; and there has been great elaboration 
of the machinery of roller mills. To-day almost all wheat flour 
and much other flour is prepared in roller mills, because the miller 
has found them most efficient for his purpose. This may be reiterated 
by quoting from the standard book on “ Flour Milling,” by J. F. 
Lockwood.* ‘To the miller the endosperm is therefore the most 
important part of the grain. Bran contains matter whose inclusion 
in the flour, even in small proportions, would spoil its colour; both 
bran and germ contain substances which would injure its baking 
quality. The first object of the milling process is, therefore, to isolate 
the endosperm in as pure a state as possible, so that it can be ground 
into flour uncontaminated by either germ or bran, and it is in pursuit 
of this aim that the old grindstone method has been ousted by the 
present elaborate roller milling system.”’ 

The main fault to the miller of the old stone mill was the slow passage 
of the grist from the centre to the circumference of stone mills, when 
all parts of the grain were so pulverized that the endosperm, germ and 
outer coats could not be largely separated by sifting. Whereas in 
roller mills the stock is passed between a number of pairs of rollers; 
after passage through each pair the flour from the endosperm is sifted 
step by step from the “ offals,” a term which comprehends the meals 
from the other parts of the grain with some admixture of endosperm. 


5 Northern Publishing Co. Ltd. (1946), p. 30. 
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The following is a short summary of the processes in flour milling 
of the present day. | . 
(1) Cleaning. On arrival at the mill wheat may contain many Impuri- 
ties including: dirt, stones, sand, chaff, straw, pieces of metal and 
many kinds of seeds. The latter come either from farm crops, such 
as maize, millets, clover, etc., or from weeds: cockle seeds (Lychnis 
githago) may be poisonous, others such as meliot (Melilotus officinalis) 
and garlic (Allium sativum) may taint the flour. Machines arranged 
in series are used to remove these impurities, including: 


A. Sifters to remove seeds or particles larger or smaller than wheat 
grains. 

B. Aspirators to remove matter lighter than wheat. 

C. Disc Separators. The discs are cellular like honey comb, the 





Fic. 27. Break rollers of wheat mill. 


cells are just large enough to receive wheat when the discs are 
made to lift wheat out of admixture with larger grains; but the 
cells are smaller when the discs are to lift small grains from wheat. 

D. Spiral separators to remove round grains which will run down 
them faster than wheat. 

E. Magnetic separators to remove iron or steel particles which might 
seriously damage the rollers. 

F. Washing machinery to remove dirt, stones and pieces of non- 
magnetic metals. 

G. Friction machines to remove adhering dirt. 


(2) Conditioning. Wheat must not be too dry or too moist for satis- 
factory milling; therefore water must be added or removed. 


(3) Grinding into Flour. This takes place in stages, the first of which is 
the break system. ; 
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A. The Break System. This is the first process, in which the grains 
are crushed open and the endosperm is scraped away from the 
bran. It is usually divided into four stages, in each Stage the 
stock passes between a pair of rollers. The rollers are of chilled 
iron, and geared so that the upper roller runs two and a half 
times as fast as the lower roller. The rollers are fluted along their 
length with grooves of saw-like section arranged in slight spirals, 
like rifling in a gun barrel (Fig. 27). The first break rollers usually 
have ten to twelve flutes per inch; the flutings on the succeeding 
break rollers are progressively finer. The clearance between the 
rollers can be very accurately adjusted to regulate the size of the 
particles produced as the stock passes between the rollers. 

B. Sifting. After passage between each pair of rollers the endosperm 
is sifted from the torn open wheat grains. This is called scalping, 
it is carried out with sieves of various kinds, called reels, plan- 
sifters or centrifugals. The sifting surfaces being of woven wire 
or silk and of various mesh. The germ may be removed after 
the third break by a special separator. 

C. Reduction System. The broken up endosperm having been 
sifted into grades of particles of various sizes is ground into fine 
flour by another series of roller mills called the reduction system. 
These rollers are not fluted but are roughened by sand blasting or 
other process. The fine flour is sifted through silk bolting cloth 
of 100-150 meshes to the inch, this removes remnants of bran and 
germ. Most mills produce various grades of flour. When all 
streams from the various sifters are mixed it is called straight run 
flour. 


(4) Flour Processing. The “ straight run” and other flours is usually 
bleached or “‘ improved ”’ by one or more of various gases such as 
nitrogen peroxide, chlorine, nitrogen trichloride (agene) or chlorine 
dioxide (addage). The so called “ improving process ” brings about 
changes in the proteins. Although this may improve the flour for 
bread making, it may not be entirely desirable. Agenized flour, 
produced by treatment with nitrogen trichloride, when made into bread 
and fed to dogs as 75 per cent. of their diet causes canine hysteria, 
apparently due to a polypeptide. Agenized flour has not been shown 
to be the cause of any untoward effects in human beings, and a few 
short term feeding experiments with children ® in which bread from 


® J, Amer {med. Ass. (1947), 135, 750. 
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this flour constituted a high percentage of the diets did not lead to 
ill health. More, however, needs to be known of the action of various 
processings on the nutrients of flour, especially as regards possible 
long term effects. 

Straight run flour of 72 per cent. extraction is very deficient in vita- 


mins (see p. 208). 


Rice Milling 

There are two general methods of milling rice: one is the milling of 
cleaned paddy without heat treatment; the other is the milling of 
paddy after it has been soaked in water and steamed. The first pro- 
duces what is called white or raw rice, and the second produces par- 
boiled rice. 

For producing white rice the 
stages of the milling process as 


REVOLVING ; 
pel carried out in many mills in the 


casinc wiry - tropics are: 
PERFORATIONS 


BRAN CHAMBER =A. Cleaning. The paddy is sifted 
to remove sticks and stones and 
aspirated to remove dirt and 
light weight impurities. 

B. Hulling. The huller consists 
of two steel discs surfaced with 
roughened cement and emery. 
The distance between the disc can be adjusted, it is usually about 
+ in., approximately the length of a rice grain. The lower disc 
revolves. During the passage .of paddy between the discs the 
husks are cracked off and removed from the stream of rice by 
aspiration. Hulled rice is called brown rice, cargo rice or loonzein 
(see Appendix VII, p. 441). 

C. Pearling or Removal of the Outer Coats. This is done in truncated 
cone and funnel mills. The cones vary in size in different mills 
from 2-4 ft. in diameter. The surface of the cone is of cement 
and emery; the casings in which the cones revolve are of stout 
brass or steel wire netting of small mesh (Fig. 28). Blocks of 
rubber or leather of 2 or 3 in. in width protrude through slots 
into the casing, these are adjustable, and are used to hold up the 
stream of rice against the revolving cones. The cones can also 
be adjusted by raising or lowering them in the casing. Rice 





DRIVING PULLEY 


{Fic. 28. Diagram of rice cone mill. 
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passed in at the top of the mill becomes packed between the 
casing and revolving cone and is scoured by the latter, the bran 
passes through the meshes of the casing and is thus separated 
from the rice (Fig. 28). Rice may be gradually milled by being 
passed through two or more mills. 

D. Sieving. Small amounts of bran, particles of germ and broken 
grains pass through the mill with the rice and are removed by 
rotary sieves. 

E. Polishing. The rice consumed by the labouring classes of Asia 
is never polished, but most of the rice prepared for the European 
and American markets, and a small quantity used by the upper 
classes in the tropics, is polished. One form of polishing machine 
has an appearance similar to a cone mill, it consists of a cone or 
cylinder covered with sheep skin or cloth, this is constructed to 
revolve within a screen through which a small amount of “ bran” 
escapes as the revolving cone removes all particles adherent to 
the grains and a little more of the outer coats, and at the same 
time imparts a burnish to the rice. 

Pl. XI, Fig. 32, shows the layout of a rice mill. 

F. Glazing. Some of the rice for the more expensive markets may 
be glazed by coating it in revolving drums with small amounts of 
oil, talc, glucose or other glazing materials. 


The Use of the Terms “ Polished Rice” and “ Polishings.” These 
terms have often led to misunderstanding because they are not always 
used with the same meaning. Some millers call the cone mills pearlers, 
others call them polishers; in the latter sense all rice milled after 
hulling is polished rice and all rice brans are polishings. Other 
millers confine the term polished rice to that which has been polished 
in skin or cloth coated burnishers, in which case the amount of polish- 
ings may be very small indeed. It is better to refer to milled raw rice 
in terms of highly milled, moderately milled and lightly or under 
milled, and refer to the separated meal as rice bran or millings ; and 
confine the term “ polished rice”’ to rice that has been through a 
polisher. 

Other Forms of Rice Mills. The Engelberg “ Huller ” is generally 
used in America for rice milling. Apparently it is called “ huller ” 
because it was originally designed to hull coffee beans. The machine 
is made by Lewis Grant & Co., of Dysart, Scotland, under the name 


“ Planter’s Mills ” (Pl. X, Fig. 25). 
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It consists of a solid heavy fluted cylinder (Fig. 294) which, when 
working, rotates at 500-600 r.p.m. within a stationary hollow casing 
of steel sheet perforated with slots 0-060 x 0-300 in. (Fig. 29B). The 
rice, fed in at one end of the mill, goes 
into the space between the solid and 
hollow cylinders where it must be kept 
hard packed. The flutes circulate the 
rice rapidly within the cylinder and at 
the same time move it slowly forward to 
the outlet at the other end of the cylinder. 
The outflow is regulated by an adjustable 
plate (Fig. 29D) passing the whole length 
miueo ©! the casing. The action is the scouring 
aicé of the moving inner mass of rice grains 





13 against those (nearer the perforated 
BRAN casing), which are retarded by the plate. 
Fic. 29. Section through The more the plate projects into the 


Engelberg huller. 
aden aE Chia? space holding the rice the greater is 


the scouring action; hence the degree of milling can be controlled. 
The bran is aspirated through the slots of the perforated casing in the 
bran chamber (Fig. 29c). 

The “* Wemanco”’ Machines. These consist of a huller and pearler. 
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Section at Shelling Point 
Fic. 30. Principle of «‘ Wemanco ”’ paddy huller. 
(By courtesy of The Allied National C. orporation, Ltd., London.) 


The former (called McGill Rice Sheller in America) has two rollers 
with an endless rubber band passing between them; the upper roller 
is horizontally grooved and rotates faster than the lower roller which is 
smooth. The paddy, fed evenly on to the rubber band, is carried 
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between the two rollers, as the grains are gripped by the grooves of the 
upper roller the rubber band bends slightly towards the surface of the 
lower roller, because the centres of the two rollers are not in line 
(Fig. 30). Thus the shelling takes place with a minimum of breakage 
and no scouring of the grains. The pearler consists of a cylinder with 
horizontal grooves revolving in a casing with elongated perforations. 
It is somewhat on the same principle as the Engelberg huller. 

The Japanese Haigamai Mills. T. Kimura? claims that this method 
of milling preserves much of the more nutritious parts of the grain. 
Prior to, and during, the war Haigamai rice was issued to the fighting 
services. The design of these mills 


has not been revealed. MAIN STEAM PIPE 









Parboiling STEAMING TANK 


The parboiling or boiling of 
paddy prior to pounding was in use 
in India and China long before the 
introduction of engine-driven mills 
from the West. The commonest 
method in use in villages is to soak 
the paddy for one to several days 
in water, and then heat it for a few 
minutes in boilers. In some parts 
of China the paddy is placed in a 
basket suspended above the water 
of a boiler and steam is allowed to 
rise through the paddy; this is the 
better method as the rice does not undergo changes in colour and 
odour, which occur from bacterial action during prolonged soaking. 

The methods in use for preparing parboiled rice on a large scale 
vary considerably in practice. The usual procedure has consisted of: 


SLOTTED STEAM PIPE 





SOAKING TANK 





Fic. 31. Diagram of paddy parboiling 
tanks. 


A. Soaking. This is done in concrete tanks with a capacity of 25 
tons or more. The soaking lasts from 2-5 days with daily 
changes of water. 

B. Steaming. A platform is built out from the top of one wall of 
the soaking tank, and steel or concrete steamers are erected upon 
the platform (Fig. 31). They are cylindrical and may be built 
tapering toa funnel. They havea capacity of 2-10 cwt. A pipe, 


J. pub. Hlth. Ass., Japan (1938), August. 
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narrowly slotted to exclude paddy but allow the passage of steam, 
is fixed vertically in each steamer. A main steam pipe runs near 
the series of steamers to supply the slotted pipes. The steamers— 
each in turn—are filled with soaked paddy and steam is turned on 
for 3-5 minutes. The steamers, being well above ground level 
can be emptied by gravity by opening exits at the funnel ends. 
The hot paddy is received in hand carts and taken to the drying 
floors. 

C. Drying. In most mills in the Far East there are large unroofed 
areas of beaten earth (in some cases concrete floors), on which the . 
steamed paddy is laid out to dry in the sun. Without a risk of 
considerable loss sun drying can take place only in countries 
where there is a well marked dry season, as in Burma. In some 
mills there are concrete floors under sheds; flues under the floors 
are heated from a furnace, this form of drying can be carried out 
at all seasons. 

D. Milling. After the paddy has been dried it must be stored for 
several days before it is milled, this is to allow the water content 
to become evenly distributed throughout the grain. The grains 
have been toughened by parboiling and therefore hulling and 
pearling is an easier process than in the case of raw rice. 


Improved methods of parboiling are coming into use. An installa- 
tion in Burma by the Anglo-Burma Rice Mills Co. is an example. 
The layout consists of a series of large tanks holding 10 tons or more of 
paddy. A pipe branching into four slotted members, dipping into 
each tank, supplies steam to heat the paddy. The tanks are nearly 
filled with paddy and water is run in to cover it, steam is turned on, 
and the water is held at a temperature of 60° C. for 8-10 hours. The 
time varies with different stocks of paddy, because hot water more 
readily penetrates some samples than others. The hot water is run 
off and steam is boosted through the soaked paddy for 20-30 minutes. 
The tanks taper funnelwise to a cover which is drawn aside, and the 
hot paddy falls on an endless conveying platform which carries it to 
the foot of a series of drying towers 80 ft. high. Here it enters the 
buckets in an elevator band and is carried to the top of the towers, 
where it is discharged. The paddy falls on numerous glass plates, 
arranged in a herring-bone pattern in the walls of the tower so as to 
delay its fall, and hot air is driven up by a powerful fan to meet it. 
The paddy is circulated automatically up and down the towers for 
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about 3 hours before it is sufficiently dry, and is then stored for one 
week so that it has water equilibrium when it is milled. 

The Conversion Process. This is a modernized method of parboiling 
rice. The process was developed in England by E. G. Hazenbaub,® 
and has been used on a commercial scale in the U.S.A. The paddy 
is cleaned of dirt, stones and light particles, such as unfilled grains. 
it is placed in a large vessel which is closed and evacuated to 25 in. 
of mercury for a period of 10 minutes. Water at 75°-85° C. is intro- 
duced, the quantity of the water being about one-third more in weight 
than the weight of the paddy. The contents of the vessel are now placed 
~ under a pressure of 80-100 Ib. per square inch and the paddy is steeped 
under these conditions for 2-3 hours, the length of time depending on 
certain original properties of the paddy. The water is drained off and 
the steeped paddy is introduced into a large rotary steam jacketed 
cylinder, which is partly exhausted, and then dry steam is passed in 
and the paddy heated for a few minutes. The steam is blown off, and 
the product is dried under partial vacuum (28-29 in.) while the cylinder 
rotates. The paddy reaches a temperature well above boiling point 
during the steaming and drying. The paddy is cooled and kept for 
several days so that there may be a state of moisture equilibrium 
throughout the grain before it is hulled and milled by Engelberg 
‘“‘ hullers ” or cone pearlers in the usual way. 

Malek Process. This process, invented by an American, Yonan- 
Malek, is also allied to parboiling. The paddy is soaked in water at 
38° C. for 4-6 hours, steamed for 15 minutes at 15 Ib. pressure, dried 
and milled. The name “ Malekized rice” is used. This rice has been 
found satisfactory for canning with meat or other foodstuffs. 


The Nutritive Values of Raw Rice and Parboiled Rice 

As long ago as 1907 Fletcher,* carrying out feeding experiments 
with highly milled raw rice and parboiled rice, showed that the latter 
was superior to the former for the prevention of beriberi. In 1932 
Aykroyd determined the amount of vitamin B, and nicotinic acid 
retained by raw and parboiled rice after various degrees of milling. 
Graph 4 shows the results of his work, which with minor differences 
has been amply confirmed. 

The amount of thiamine in hulled rice before the removal of any 
bran varies from about 3-4 pg. per gram (parts per million). Table 


8 Nutr. Res. Coun., Nat. Acad. Sci. Wash., Bull. No. 112. 
® Lancet (1907), 1776. 


192 TROPICAL NUTRITION AND cs 


(vitamin B,) (NicoTINic Acip.) 









pos 
ASSET 
eae 
RAW 
et S| 


VITAMIN 8 PARTS PER MILLION. 
lA 





0) RAW. 
*| PARBO/LED. 


SY 107 15% 207 Sf 107 157 207 


PERCENTAGE OF MILLINGS REMOVED. 
After W.R. Aykroyd etal. 


Graph 4. 


XLII gives the amount of thiamine remaining after various degrees 
of milling of an average sample of rice, as determined by the amount 
of bran removed. 


TABLE XLII 
Amount of bran removed as — Amount of thiamine in wg. per gm. remaining 
percentage of whole grain in the milled rice 
Raw rice Parboiled rice 
6 2:6 Des 
8 PE 25 
12 1-6 2:4 
ls 0-9 253 
20 0:5 PSB) 


* 30 per cent. has been lost during parboiling. 


There are, however, a large number of different varieties of rice. 
The pericarp in some is thicker than in others, hence a similar degree of 
milling, in terms of bran removed, will take away more thiamine in 
one case than in the other. The shapes of rice grains vary; some are 
long and narrow and others short and stout. The former are more 
liable to breakage and loss of the scutellum during milling. Further, 
the amount of breakage and the retention of the scutellum in raw 
rice depends on a number of factors taking place during growth, 
harvesting and storage determining the amount of moisture or the 
brittleness of the rice. 

The hulls of paddy vary in thickness with different varieties. On 
an average they constitute about 20 per cent. of the grain, therefore 
theoretically nearly 80 per cent. of hulled rice should be obtained from 
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any given quantity of paddy, but in most mills in the East more than 
75 per cent. is seldom obtained because all paddy contains dirt and 
trash, and some samples may be heavy with moisture. 

In all milling of raw rice there is a considerable percentage of broken 
grains ranging from 8 per cent. upwards. The smaller particles only 
of broken grains are removed with the bran or screened off from the 
rice sold to the labouring classes. The majority of the broken grains 
are screened away from the grades of rice that traders sell as of high 
quality. If the removal of bran is kept under 8 per cent. with only 
the smaller broken particles screened off, the yield from the original 
paddy should be 65 per cent. of lightly milled rice containing 2 yg. 
of thiamine per gram (see Appendix VI, p. 441). 

Table XLII shows that when rice is milled beyond the removal of 
8 per cent. of bran there is a sudden fall in the amount of thiamine. 
This is due to the removal of the scutellum which takes place at the 
higher degree of milling. Provided the scutellum is retained the final 

. product will contain at least 2 »g. thiamine per gram. 

The parboiling of paddy toughens the grain mainly due to the 
gelatinizing of the starch in the outer coats. It may be that par- 
boiling was first carried out with fragile (so-called sun-cracked paddy) 

_ to prevent it breaking up when it was pounded. The nutritional value 
of the process is that it makes the scutellum and aleurone layer more 
adherent and carries part of the water soluble vitamins into the interior 
of the grain not reached by milling. There is, however, a loss of about 

_30 per cent. of thiamine during parboiling mainly due to oxidation; 
but fermentation during long soaking may greatly increase this loss. 

Some millers extract over 70 per cent. of rice from parboiled paddy. 
The bran and screening removed range from 4 to 8 per cent., the higher 
figure may be due to the production of more broken grain than usual. 

Before further discussing the relative merits of different methods of 
milling, it is necessary to consider the household preparation of rice. 

Washing and Cooking of Rice. Most of the rice destined for con- 
sumption by the labouring classes is far from clean. Frequently the 
grains are covered with the finest dust from the bran. This starchy 
dust has two evil effects: in the first place it tends to be decomposed 
by bacteria producing a mustiness in the rice, and secondly, on cooking 
it quickly gelatinizes, causing the grains of rice to stick together in a 
soggy mass objectionable to consumers. Prolonged washing, some- 
times done by those who use rice only occasionally, may remove 80 


per cent. or more of the water soluble vitamins from moderately milled 


13 
T.N.D. 
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raw rice, but the general practice among those who use rice as their 
main article of diet is to avoid excessive washing. But when the FIce 
is dirty and dusty it must be well washed and then the vitamins are 
greatly reduced. So many factors come into action when rice 1s 
washed that the percentage of losses cannot be accurately stated. The 
length of time, the amount of agitation of the water, the conditions of 
the water, whether hard or soft, the degree of milling the rice has 
undergone and temperature all play a part. Table XLIII summarizes 
approximately the losses which occur when rice is twice quickly washed 
in an amount of water which just covers the grains. 


TABLE XLIII 
Loss of Vitamins when Rice is Washed 











Thiamine Riboflavin Niacin 








Before| After | Pet | Before! After | PT | Before! After | Per 


washing|washing or washing| washing washing| washing 





























Raw lightly 2°6 2-0 15 0:50 0:45 10 25 20 20 
milled. 
Raw highly 
milled. 
Parboiled 
Converted 














0:25 0:20 


0-40 0:35 11 
0-40 0:35 11 


20 15 oop) 















40 35 11 
45 40 9 























The figures are »g./gm. Each percentage is to nearest whole number. 


It will be noticed from Table XLHI that parboiled rice retains during 
washing the vitamins far better than raw rice. 

The commonest and best method of cooking rice is boiling in that 
amount of water which the rice absorbs as it swells during cooking; 
thus no water remains to be discarded. All kinds of rice do not take 
up the same amount of water, but the housewife soon learns the 
amount needed for the particular kind of rice she uses. Excess of 
water in cooking rice should not be used unless the water is made 
into soups or other preparations. 

Cooking Rice in Cauldrons. Evil practices are not uncommon in 
institutions such as hospitals, asylums and jails, where rice must 
be cooked in large quantities and therefore cauldrons are used. In 
some cases the cauldrons are jacketed and superheated steam from a 
boiler is circulated around them. Foodstuffs may be cooked too 
rapidly at relatively high temperatures by this method, and its intro- 
duction has been known to be followed by deterioration in the health 
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of the inmates, as revealed by the appearance of signs of various 
vitamin deficiencies. An example of another method occurred in the 
kitchen of a hospital in a large tropical town. Here the rice was 
placed in the cauldrons and then sluiced with boiling water as a quick 
method of cleaning it; most of the water was drained out from the 
bottom of each cauldron. There was an outbreak of beriberi in a 
neighbouring jail where a similar practice was in vogue. 

Further Considerations of Various Types of Rice Milling. It appears 
from what has been stated above that every point is in favour of par- 
boiled rice. It is strange, therefore, that it has not come into greater 
use, because the amounts on the markets of the Far East have never 
reached 20 per cent. of the rice coming from engine-driven mills. 
It is a case of popular preference, which can never be ignored. Perhaps 
the most important reason why parboiled rice has not gained the 
favour of the public is because different stocks of it vary greatly in 
colour and taste. This is due to bacterial fermentation which takes 
place during soaking and atmospheric drying in most of the methods 
still in use. There is no doubt that the consumption of parboiled rice 
would greatly increase if improved methods of preparing it were 
practiced. 
_ Some of the changes which take place during parboiling have been 

studied by J. Done. In an unpublished report *° he has made the 
following points: (a) that paddy soaked at temperature between 
30° and 60°C. eventually increases in weight by 20 per cent. from 
absorbed water; (b) the maximum increase of 20 per cent. at these 
temperatures takes place in 9 hours at 60° C., but requires 30 hours at 
30° C.; (c) there is some movement of thiamine into the interior of the 
grain at temperatures of 30° C. and upwards; (d) at 80° C. the increase 
in weight of the grain is 32 per cent. in 9 hours; (e) prolonged high 
temperature of 80° C. for 24 hours reduces the thiamine to about one- 
fifth of the original amount; (/) gelatinization of the starch does not 
take place below 60° C., but starts at temperatures immediately above 
apnG, 

More investigations concerning the parboiling of paddy are needed, 
but it is certain that prolonged soaking before steaming is undesirable 
unless it is done at a temperature which prevents the multiplication of 
bacteria. A temperature of 60° C. achieves this, and is also the border- 
line temperature beyond which gelatinization starts. It may be that 
the methods started by the Anglo-Burma Rice Co., of soaking for 


1 Issued by the Colonial Medical Research Committee. 
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8-10 hours at 60°C. with subsequent steaming and quick artificial 
drying, will solve the problem of producing a generally acceptable 
parboiled rice. Vs 

The conversion process has been shown by Kik and William 
to produce a fairly white rice with high retention of the vitamins. The 
machinery needed is costly, and may need to be in continuous use to 
pay cost of erection—this may prevent its wide use in countries where 
the milling of rice is not continuous throughout the year, being confined 
to the seasons following harvesting. Further, it will not be able to 
compete with simpler methods of parboiling if these prove satisfactory. 

Raw white rice constitutes far the greater proportion of all rice. 
There is need for great improvement in the methods of milling it. 
There are many mills in a delapidated condition in the large rice 
growing territories of the tropics, such as Burma and Siam. The 
vibration in these mills is extreme, even the main structures supporting 
the machinery are in continual agitation. The result is that the rice 
passing through the mills is not evenly and gently hulled and pearled, 
but is subjected to a series of shocks and grindings which knock out 
the whole germ and smash a large percentage of the grains. In these 
mills the percentage of grains retaining the scutellum is very low, and 
the number of broken grains may reach 60 per cent. or more; the bran 
contains the germs, much of the aleurone layer, and a considerable 
quantity of fine particles powdered from the endosperm. 

Cone mills, when in good order and well balanced so that they 
revolve with very little vibration, can pearl rice of most stocks with 
little breakage, and, provided the production of bran is kept at not 
more than 8 per cent., there is retention of the scutellum in the majority 
of the grains. Similar results may be obtained with the Wemanco 
pearler. But the Engelberg huller—as at present constructed—is a 
harsh type of mill causing much breakage of the rice and the detach- 
ment of the scutellum from the majority of the grains. 

As already stated much of the rice of the lower grades used by the 
labouring classes comes upon the markets in a dirty dusty condition. 
It may be that simple and cheap methods could be found to remove 
dust from rice, and further, some form of glazing might give some 
protection to the leaching action of water. There are machines in 
use in flour mills for cleaning dust from wheat by brushing and exhaus- 
tion before it is ground to flour. Oil has been used for glazing high 
grade rice sold in Europe and America: possibly an imperceptible 

** Nutr, Res. Coun., Nat. Acad. Sci., Wash. (1945), Bull. No. 112. 
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film of a dry oil might help to retain the vitamins when the rice was 
washed. But these are among many matters for which research work 
is needed. 


Feculas 


A number of foods, consisting mainly of starch and very little else, 
are prepared from grated roots or palm stems; the general term used 
for these is Fecula. The commonest in use are tapioca, sago and 
arrowroot. 

The general method of preparing a fecula may be shown by a brief 
description of the stages in the commercial preparation of tapioca from 
manioc (cassava) root (Maniot utilissima). 


(1) Washing. The roots are thoroughly washed in a slowly revolving 
wooden cylinder into which water is forcibly sprayed. The 
cylinder slopes at a small angle downwards, so that the dirty 
roots moving slowly through the cylinder come out cleaned at the 
lower end. 

(2) Rasping. The cleaned roots are passed into a hopper leading 
into a revolving drum about | ft. in diameter. Saw blades 
placed lengthwise at intervals of | in. project about zs in. into the 
drum. The drum is driven at 600 revolutions a minute. A 
powerful jet of water, played into the drum, washes the rasped 
pulp in a stream of water through a narrow orifice in the lower 
end of the drum. 

(3) Separating the Starch. The pulp passes from the drum into an 
inclined cylinder in the form of a framework covered with muslin. 
Water is sprayed from perforated pipes both on to the outside 
and inside of the cylinder. The suspension of leached out starch 
passes through the muslin into a trough leading to settling tanks. 
The fibrous refuse falls out of the end of the muslin cylinder; it 
may be discarded but more often is partly dried and sold as pig 
food. 

(4) Purification of the Starch. The starch sinks to the bottom of 
the settling tanks in about 6 hours. These tanks have a series 
of plugged holes at intervals from above downwards, so that the 
holes can be opened one at a time starting from the topmost; 
thus the supernatant water can be slowly and gently drawn off 
without disturbing the layer of starch at the bottom of the tank. 
The water has removed most of the prussic acid always present in 
manioc root and smells strongly of it. 
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The firm layer of sedimented starch is cut into blocks and 
thrown into other tanks of water, where it is thoroughly stirred 
with a wooden paddle and allowed to settle for 24 hours; then 
the water is drawn off through a series of holes as in the case of the 
first tank. This stirring and settling is carried out once every 
24 hours for a week. . 

(5) Final Preparation. After a week of sedimentation the starch is 
cut out into blocks and thrown on to tables where it is broken 
into small pieces with spades and rakes. The next stage depends 
on whether flakes, pearls or flour is to be prepared from the starch. 
These processes need not be described here as they do not affect 
the nutrient values, the starch already being fairly well freed from 
the other nutrients of the roots. 


Milk and Milk Substitutes (see pp. 233 and 487) 


STORAGE 


Since man ceased to be a hunting or gathering nomad, he has found 
it necessary to keep some of his food in stores so that from the time 
of harvesting it may last the year round. Joseph, as recorded in the 
41st and 42nd chapters of Genesis, was a pioneer of large scale storage 
when he planned to store some of the grain from the harvests of Egypt 
against a seven years cycle of famine. Stocks of grain have been kept 
against possible famine in India and elsewhere, and are sometimes 
referred to as “‘ Joseph’s stores,” to distinguish them from the stocks 
needed under usual conditions. 

Storage of Grain. The first necessity for the storage of cereals and 
other grains is that they should be dry and in good condition at the 
time of storage. The needed degree of dryness varies with the species 
of grain and atmospheric conditions. In temperate climates wheat 
keeps well when it contains 14 per cent. or less of moisture; but 
under tropical conditions maize should not have more than 12 per cent. 
of moisture or rice more than 10 per cent. Paddy, which is rice as 
harvested in the hard protective husk, keeps far better than rice milled 
in any form; and even under hot moist conditions paddy will keep for 
a year or much longer provided it is properly stored. Unfortunately 
the keeping quality of flours made from grain varies inversely with 
the amount of vitamins, minerals and fats they contain. The reason 
is that micro-organisms and insects flourish in whole meal flours, 
but multiply slowly or not at all in flours which have been made 
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deficient in minerals and vitamins by high extraction milling. Thus 
whole meal flours have poor keeping quality in comparison with white 
flours from which about 30 per cent. of the original grain has been 
removed in the form of brans and meals. A less important cause of 
poor keeping quality in high extraction flour is the existence of fats 
and an enzyme, which can render the fats rancid. In low extraction 
flour much of the fat is removed. Similarly with rice, when it is highly 
milled it will keep well. But any product of the mills will keep fairly 
well provided it is dry and protected from damp. It is not, however, 
astonishing that millers and others trading in cereal flours or rice 
prefer to deal with those that are highly milled and have the better 
keeping properties. 

The second necessity is that the stores should be damp proof, and, 
as far as possible, vermin (rat) and insect proof. (For insect pests of 
cereals and pulses, see Chapter XXI.) 

However well designed and built a store may be it will not keep grain 
in good condition unless the first necessity mentioned above has been 
fulfilled. 

The storage of grain is a far simpler matter in dry countries, such as 
Egypt, than in humid climates with a large rainfall spread over the 
greater part of the year. Many native types of stores have been 
evolved in different parts of the world and some of them are very 
efficient for small-scale storage. One good example is a wattle and 
daub structure capable of holding 5 tons or more of grain: it is a 
cylindrical structure well plastered with clay or cow dung, and is 
usually built on legs as a protection against damp and vermin. When 
grain is to be kept for several months it may be placed in this wattle 
silo and hermetically sealed with a ceiling of clay, above which a long 
sloping thatch is erected. 

In the villages of tropical countries large quantities of grain may be 
kept by the household in bins made of wood or plaited bamboo. 

Ricks (or stacks) of straw with unthreshed grain are not satisfactory 
under hot moist conditions of the tropics: vermin soon take a toll and 
damp causes deterioration. In some parts of India small ricks of 
paddy are protected against vermin and damp by being plastered with 
cow dung, and this appears to achieve the purpose. 

Large scale storage of grains and flour must take place in large 
granaries built of concrete and designed to be rat proof and capable of 
fumigation. 

Grains and flour can be stored for a year or more with very little 
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loss of vitamin value, provided they are fairly dry and stored under 
dry conditions. 

Storage of Roots. In many parts of the tropics there is no necessity 
for the long storage of roots, either because one or other kind is in 
season for the greater part of the year, or because they can remain in 
the ground with less deterioration than in stores, as is the case with 
manioc. Sand or earth and straw clamps are in use in some parts of 
the tropics where there are dry seasons, but clamps will not withstand 
heavy tropical rain. Roots during storage gradually lose a considerable 
amount of ascorbic acid: for example, potatoes keep in Great Britain 
throughout the winter lose 50 per cent. or more of the original amount 
of ascorbic acid. Also there is some loss of thiamine. Under tropical 
conditions the losses are likely to be greater. 

Cold Storage. There are several forms of cold storage depending 
on the speed and degree of refrigeration. The subject is too large to 
be dealt with here. It may, however, be briefly summarized. There 
is no nutritive loss of any importance in meat and fish during cold 
storage, enzymes, set free during thawing, may destroy some of the 
ascorbic acid, but this is a trifling loss and not greater than may occur 
in the course of preparing and cooking for the table. Fruit and 
vegetables are well preserved, though here again there may be some loss 
of ascorbic acid, but far from being sufficient to condemn this form of 
the preservation of food. 


Canning and Bottling 


Most forms of food processing, when carried out with precautions 
to counteract the susceptibilities of the vitamins to heat, oxidation and 
alkalinity, do not seriously diminish the nutritive value of foodstuffs. 
This applies to canning or bottling. -Firms preparing foods in sealed 
containers are alive to the present-day knowledge on the subject, and 
any destruction taking place during preparation can easily be corrected 
by the addition of pure vitamins or concentrates of them. Tinned black 
currants, grape fruits, tomatoes and concentrated juices of citrus fruits, as 
usually prepared, have high values in ascorbic acid because they remain 
acid during the heating process needed to sterilize them. The same applies 
to the preservation of thiamine in these and other tinned foods. 


Drying 


Obviously the chief method of drying foodstuffs under tropical 
conditions has been exposure to the sun. Probably as much as half 
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the fish caught in the tropical waters of South East Asia is sun-dried 
with or without previous salting. This supplies an enormous inland 
trade in countries where the cost of cold storage is prohibitive under 
present economic conditions. Most of this dried fish has a high odour 
from bacterial invasion, and many consumers appear to relish “ high ” 
dried fish, as high game or cheese is relished in temperate countries. 
[t is certain that the fish seldom, if ever, causes gastro-intestinal disorder 
in those who are accustomed to it (see p. 285). Much work remains 
to be done on the digestibility and vitamin content of dried fish: it 
may be that partial bacterial decomposition increases the digestibility 
and the amount of some of the vitamins of the B complex. 

Meat, sun dried in thin strips, is called biltong in South Africa, 
pemmican in North America, and charqui in South America. 

Large quantities of fruits are dried in the sun in sub-tropical climates; 
and among these apricots, dates, figs, prunes, and raisins reach the 
world markets. Noodles made by the Chinese with wheat paste are 
sun dried (see p. 211). 

Cereals and other grains lose ascorbic acid as they ripen and dry 
before harvest. Sunlight has a destructive effect on riboflavin, and 
though it cannot penetrate unmilling grain, it may reduce the amount 
of this vitamin in milled grain exposed to the sun. One example of 
this is in connection with the repeated exposure to the sun of shelled 
small peas in the preparation of dhall (see p. 222). 

The heat of fire has been used to a limited extent, as when sweet 
saps are concentrated in open pans to form jaggery, consisting mainly 
of sugar, or when meat is dried on wooden lattice frames over a fire. 

Much enquiry on the nutritive losses in dried foods took place 
during the war after the sinking of many ships had led to a shortage 
of space for transport. Such foods as meat and potatoes after they 
have been dehydrated weigh far less and take up only a fraction of the 
space they would have needed when fresh, and in the case of meat more 
space is necessary for cold storage pipes and machinery. 

Three methods are employed for drying foodstuffs on a commercial 
scale: (1) Actual contact with a heated surface. In this case, fairly 
solid material such as meat or fish may be dried in pans steam-jacketed 
or over open fires, or in cylinders with rotary stirrers. Fluids, such as 
milk, may be dried by passing them in the form of a film over steam 
heated rollers furnished with a scraper to remove the dry powder. 
(2) Contact with dry heated air. Solid material may be dried on trays 
in tunnels or on conveyor bands over which heated air is passed and 
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fluids by spraying them into a closed vessel through which a current of 
heated air passes. (3) Dehydration by vacuum oil technique (see below). 

In these methods the loss of nutrient value is confined mainly to 
reduction in the amount of ascorbic acid and thiamine, but there may 
be loss of carotene, and the biological value and digestibility of the 
protein may be affected. The percentage loss of the two vitamins 
depends on the degree of temperature, and the length of time there is 
exposure to air. Drying in currents of air at 100° C. usually causes a 
complete loss of ascorbic acid from meat and vegetables but not more 
than 20 per cent. of thiamine is lost. The reduction in spray dried 
milk is about 20 per cent. of ascorbic acid and 10 per cent. of thiamine; 
it is greater in roller dried milk being 30 and 15 per cent. respectively. 
In both these cases the drying takes place very rapidly. 

Dehydration by the vacuum oil technique of Professor Platt is 
superior to any other method for the preservation of the vitamins 
of vegetables and meat. Leaves, sliced potatoes or minced meat are 
plunged into oil at about 80° C., and exhausted to about 26 in. negative 
pressure. The oil may be edible such as peanut oil. The loss of 
water is rapid at first, but it takes 80 minutes to reduce the content of 
water in potatoes to 7 per cent. The advantages claimed for this 
method are that there is a loss of not more than 40 per cent. ascorbic 
acid and that vegetables, fish or meat dried by this method are easily 
reconstituted with good retention of flavour and colour. This method 
may be found of value for drying fish in the tropics. 


Cooking 


Greater losses of ascorbic acid and thiamine than of any other 
nutrients occur during the preparation and cooking of food. This is 
because they are water soluble and easily destroyed by oxidation; 
in this respect they are the most delicate vitamins. Therefore they 
may be taken as tokens as regards preservation and retention of the 
nutritive values of food. Oo 

Previous statements concerning the effects of washing and cooking 
rice apply to other foodstuffs (see p. 193). This is particularly the 
case with all milled grains, peeled roots and vegetables of which the 
protective outer layers have been removed. To allow any of these 
to remain soaking in water is a pernicious practice. 

Oxidation of ascorbic acid may take place from exposure to air or 
from enzymic action when roots, vegetables or fruits are mashed, 
minced or finely shredded. One example of this is the loss of this vita- 
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min when roots are boiled and mashed. C. N. Jenkins 12 gives the 
following results in the case of potatoes: 
Ascorbic acid 


. Kept hot during mg. per 100 gm. 
Boiled potatoes : : , 0 minutes 5:4 

3° 99 bs > & 20 > 40 

o © " , OO .; 2°5 
Boiled, then mashed : . OF, 5:0 

9 99 ” - ~ = 20 ”> 1:8 

>” > 3) : 30 ”> 0:5 


The shredding or mincing of fresh foods not only exposes much of 
the edible portion to the air, but it also sets free oxidases from the 
cells. Leaves should not be shredded unless they are to be consumed 
immediately. 

Acidity is protective; for instance, tomato juice with a natural 
acidity of pH 4 may be boiled for an hour with a destruction of less 
than 50 per cent. of the content of ascorbic acid. Many samples of 
canned tomato juice contain a considerable amount of the original 
ascorbic acid. 

On the other hand alkalinity is destructive, and the use of soda in 
cooking must be condemned. 

Salt added to boiling water delays the withdrawal of vitamins from 
vegetables. A good way to cook leaves is to divide them into pieces 
of 2 or 3 in. square and drop them piece by piece into boiling water 
containing salt; the heat instantly destroys the enzymes. 

Another way to cook leaves is to temper them in a hot pan con- 
taining a little oil. 

Riboflavin is more susceptible to destruction by sunlight than other 
vitamins. Bottles of milk exposed to the sun lose some of the content 
of this vitamin. For the same reason leaves should not be allowed to 
wither in sunlight. 

It must be emphasized that many forms of preparation and cooking 
render foods more digestible and none should be condemned because 
it destroys a particular vitamin, always provided that the vitamin in 
question is well supplied by other foods in the diet. For instance the 
destruction of ascorbic acid by mashing potatoes is unimportant when 
the vitamin is amply provided by other vegetables or fresh fruits. Again 
good soups can be made with many coarse vegetables by cooking 
and rubbing them through wire sieves, but the ascorbic acid must be 
supplied in other foods. 

Bad practices, such as cooking too long, re-cooking, or keeping 
cooked food warm for extended periods of time cannot be condoned. 

* 12 Nature (1943), 151, 473. 


CHAPTER XI 


THE CLASSIFICATION OF FOODSTUFFS: 
GEOGRAPHICAL ORIGIN OF FOODSTUFFS 


CEREALS AND PULSES 


Classification 


Foodstuffs must be dealt with in categories. A difficulty arises 
because there are no popular words in any language which will allow 
the classification of them with scientific accuracy. We speak of 
cereals meaning rice, wheat, maize, barley, millets and other grains 
from the cultivated grasses. The dry peas and beans are pulses or 
legumes. The term vegetable is used for a great variety of produce 
from gardens or growing wild; every part of the plant is represented. 
Flowers, fruits, stems and leaves have such examples as cauliflower 
and plantain flower, pumpkin and tomato, celery and bamboo shoots, 
cabbages and many herbs. The word root is used in everyday language 
for that part of the plant which grows underground, but botanically an 
onion is a bulb composed of stem with close set swollen leaves. Yams 
and many others are underground stems called rhizomes; potatoes 
also are modified stems called tubers; carrots, however, are true roots. 
The term fruit is popularly used for many products which ripen to 
form a sweet soft flesh pleasantly edible in the raw state; these may be 
classified as “* dessert fruits.”’ 

Botanical names are a necessity for the proper recognition of many 
individual foodstuffs; but it is cumbersome and pedantic for a prac- 
ticing nutritionist to use botanical classifications for the grouping of 
foodstuffs, when he can make shift with any language as it is popularly 
used. . 

The classification used in this book is: 


A. FOODSTUFFS OF VEGETABLE ORIGIN 


(1) Cereals. The seeds of family GRAMINEA. 
Examples: rice, wheat and millets. 

(2) Pulses (legumes). The dry seeds of family LEGUMINOS &. 
The peas and beans (edible leguminous green pods are not pulses 
and will be placed under vegetable fruits.) 
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(3) Vegetables. These are subdivided into: 

(a) Roots. These come from many different families. Examples: 
yams, onions, carrot. 

(b) Leaves and shoots. 

(c) Gourds, including pumpkin and squashes. (Family cucur- 
BITACE &.) 

(d) Vegetable Fruits. A group for vegetables not included under 
the above headings, they come from many families. Examples: 
tomato, Ladies’ fingers, fresh pods, bread fruit. 

(4) Nuts and seeds, including all seeds other than cereals, pulses and 
condiments. Examples: coconut, sesame seeds and buckwheat. 

(5) Fresh Dessert Fruits. Examples: oranges and bananas. 

(6) Dried Fruits. Examples: dates and prunes. 

(7) Condiments and Spices. 


B. FOODSTUFFS OF ANIMAL ORIGIN 


(1) Meat, birds, fish, shell-fish and eggs. 
(2) Milk and milk products. 


C. MISCELLANEOUS FOODSTUFFS 


Examples: vegetable oils, honey, sugar, yeasts, jams, mushrooms, 
oils, feculas, insects, and beverages. 


Origin and Dispersion of Foodstuffs * 


The origin of the crops and domestic animals, on which the popula- 
tion of the world live at the present time, is not without interest, because 
subsequent dispersion has had a profound effect—not always to the 
good—upon the diets of many peoples. 

The knowledge of the origin of foodstuffs and their spread about the 
world is founded on history, archeology, botany and philology. 

History. The historical record is sometimes unexceptional. There 
is no doubt that the potato (Solanum tuberosum) was first cultivated 
at high altitudes in South America and was brought to Europe by 
some navigator at about the time of Queen Elizabeth. Nor is there 
any doubt that the bread fruit tree (Artocarpus communis) was taken 
to the New World after the first failure by Captain Bligh of “ Mutiny 
of the Bounty” fame, when at a second attempt to transport the tree 
into the West Indies, 153 plants were landed in the Island of St. Vincent 
in the year 1793. But the historical record is seldom as clear as in 


1 Alphonse de Candolle: * Origin of Cultivated Plants ” (1866). 
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the case of these examples, nor are historians always correct in their 
statements. 

Archeology. Ancient dwelling places, kitchen middens formed long 
ago and burial grounds have supplied much information from pre- 
historic times. Remnants of the common millet (Panicum miliaceum) 
have been found in deposits left by the Swiss lake-dwellers of the 
later stone age. Various portions of plants, such as the stones of 
fruits, pollen grains and cereal seeds have been found in ancient 
Egyptian tombs; and there are engravings of plants on the walls of 
the pyramids and other early buildings. The tumuli of Northern 
America, the graves and monuments of the Mexicans and Peruvians 
have supplied records about the plants cultivated in the New World 
in pre-Columbian days. 

Botany. When all the other species of the genus of a cultivated 
plant have been found wild in one region only, it is a priori evidence 
that the plant in question was first cultivated in that region. For 
example the ground pea (Arachis hypogea) was found in cultivation 
in Brazil when that country was first visited by Europeans and all the 
known wild species—six in number—are Brazilian. There can be, 
therefore, little doubt about the origin of the ground pea. 

Again an area, where the wild. species of a cultivated plant are 
found in greater numbers than elsewhere, suggests its origin in that 
area. N. I. Vavilov, the Russian botanist, considered that wheat had 
its origin in Persia where numerous wild species exist. The evidence, 
however, may be confusing because with the great development of 
ocean traffic the seeds of many wild plants have been scattered about 
the world from the cargoes of ships. 

Philology. Before the world was widely opened up to commerce 
by the development of shipping, foodstuffs were not imported from 
distant countries as they are to-day. Therefore if a name of a plant 
appears in a dead language in general use in a country before world 
wide traffic had started, it is evident that the plant was grown in that 
country or in neighbouring territories, provided the name has been 
correctly identified with the plant. The negative is also relevant, that 
the absence ofa name implies the absence of the plant. There are no 
names for chillies (capsicum) in Sanskrit, Greek or Latin, strong 
evidence of the introduction of the plant to India and Europe at a 
late date; such a conspicuous plant producing a very acceptable 
condiment would not have been missed by early historians. 

The association of the name of a country with a plant, may not be 
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evidence that the plant originally came from that country; the Jeru- 
salem artichoke came from northern America, similarly the French 
ble de Turquie (Turkish corn) for maize, Irish potato and French 
beans do not indicate the countries of primary cultivation. 

The chief foodstuffs which were first cultivated in Mexico or South 
America and have been dispersed about the world since the time of 
Columbus are: 


Cereal . : : - Maize. 

Pulses . : . . Ground pea, lima, kidney and haricot beans. 
Vegetables. : - Tomato. 

Fruits . : : . Avocado pear, pineapple and papaw. 
Nuts. - ; . Cashew nut. 

Condiments . : . Chillies, Pimento (Allspice). 

(Domestic animals - Turkey.) 


The only foodstuff—one of small importance which came from the 
northern parts of America is the Jerusalem artichoke. Not a single 
foodstuff in use in other parts of the world came from Australia. Thus 
two continents have been populated in comparatively recent times on 
the domestic animals and seeds for agricultural crops carried with them 
by the early settlers. On the other hand maize and beans from the 
New World continue to play a great part in the opening up of Africa; 
and the introduction of chillies into Asia revolutionized the making 
of curries in India and other countries of the East. 


CEREALS 
(For Analyses see Table LX1, p. 402) 


The cereals—wheat, rice, maize, barley, rye, oats and millets—are 
the staple articles of diet for the greater part of mankind. The excep- 
tions are a few hunting people such as the Eskimos, a number of 
pastoral tribes of Asia and Africa, living mainly on fermented milk, 
the inhabitants of a few sea islands subsisting mainly on “‘ roots ” and 
fish, and in a few parts of the tropics people are to be found using 
banana flour as a main article of diet. 

The dependence of dense tropical populations on cereals is well 
shown in the Diet Surveys 2 in India, Burma and Ceylon collected by 
Aykroyd. He records 152 surveys carried out among over 21,000 
persons in various urban and rural localities; the amount of cereals 
per consumption unit was a little over 21 oz. daily on an average for 
each survey, and this represented about 85 per cent. of the calories. 
Although some of these surveys may be criticized statistically, yet 


2 W.R. Aykroyd: “ Diet Surveys in India” (1948), Spec. Rep. I.R.F.A., No. 16. 
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there is no doubt of the preponderance of cereals in the diets of tropical 
populations. 

The proteins of average samples of cereals range from roughly 
7 per cent. for rice to 14 per cent. for oats and some “ hard ” wheats, 
such as Hungarian and Russian spring wheat: the carbohydrates 
range from about 65 to 78 per cent. and the fats from about 13 per 
cent. for hulled rice to 8 per cent. for oats: mineral matter ranges from 
[to 3 per cent: 

The distribution of the vitamins in the various structure of a cereal 
grain have been dealt with in Chapter X. 

Most dry cereals have no vitamin A value, but yellow maize and 
some millets contain a little carotene. Vitamin C does not occur in 
appreciable amounts in dry grain. 


Wheat (Triticum vulgare) and Preparations from it 


Millets and barley were the cereals first cultivated by man, wheat 
came into use later—in North Africa and Mesopotamia. Until 
recent times it was an expensive cereal. In Great Britain barley and 
oats entered largely into the diets of labourers long after wheaten 
bread had graced the tables of their masters. 

To-day more wheat is grown than any other single cereal; world 
production is estimated at about 6,500 million bushels (60 Ib. to the 
bushel). 

Almost all the wheat consumed is in the form of preparations from 
the flour. The whole berry has been used after long soaking and 
boiling; at one time this was a breakfast cereal in Great Britain called 
frumenty. It was not an easily digested preparation. In recent years 
an Australian preparation of pearled wheat, called rycena, has been 
marketed in the East as a substitute for rice; the greater part of the 
water soluble vitamins are retained in rycena and it is a more digestible 
preparation than frumenty. 

Bread. Preparations of wheat flour are either leavened or un- 
leavened. The greater part of wheat flour in temperate climates is 
made into bread leavened by yeast. There is much to be learned from 
the war-time practice in Britain as regards the production of bread of 
good nutritive value. Before the war of 1939 most of the flour used 
for bread making was of about 70 per cent. extraction and the other 
30 per cent. of the wheat constituted the brans, pollards, middlings, 
and other meals graded under the term offals. These meals came from 
the germ and outer coats of the wheat berry and were used for cattle 
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food. Soon after the outbreak of war the British Government took 
action in consultation with nutritionists and millers as regards the 
milling of flour. The aims were to produce as much human food as 
possible from wheat, and to ensure that the bread had a high nutritive 
value; also attention had to be paid to digestibility. In October, 
1939, the minimum rate of extraction was raised by administrative 
action from 70 to 73 per cent.: that of the higher percentage was 
named “* National Straight Run Flour.” In April, 1941, the extraction 
was raised to 75 per cent. In March, 1942, the order was to produce 
only what was called ‘ National Wheatmeal” having a minimum 
extraction of 85 per cent. with the inclusion of the maximum quantity 
of wheat germ. The name of this wheatmeal was changed in April, 
1942, to ‘‘ National Flour.” By continual collaboration between 
biochemists and milling engineers it was found that the extraction 
rate could be lowered from 85 to 82 per cent. with retention of an 
adequate proportion of the essential nutrients, mainly by returning 
the meals from the germ and aleurone layer to the endosperm flour. 
Samples of flour from all the mills of Britain were analysed weekly to 
keep up the standard of the flour. A further reduction to 80 per cent. 
was effected in December, 1944. Wheat varies considerably in the 
amount of vitamins it contains, for instance, different samples of 
wheat may range from 3 yg./g. to 6 wg./g. in thiamine. Consequently, 
even when the degree of milling is known, only an approximate com- 
position of the flour can be given. 

Table XLIV gives the average composition of flours of various 
extractions. 


TABLE XLIV 
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Towards the end of the war the Ministry of Food called a * Con- 
ference on the Post War Loaf.’ The medical and scientific members 
of the conference held strongly the view that the high standard of 
health with a low death rate in Britain throughout the war was attribu- 
table in part to the consumption of high extraction flour in which the 
vitamins adequate for good nutrition had been retained. 


14 
T.N.D. 


210 TROPICAL NUTRITION AND DIETETICS 


Bread is usually made by thoroughly kneading flour, yeast, salt, 
and water into a dough, which is allowed to rise for 1-8 hours before 
baking, the length of time depending on the temperature and the 
amount of yeast used. The yeast has some maturing action on the 
gluten, but its chief effect is the production of carbon dioxide from the 
carbohydrates; the gas forms innumerable cells with glutinous walls 
to produce a sponge-like mass. The heat of baking expands the 
gases and fixes the gluten. A loaf of bread should have good volume 
and an even spongy texture. 

Loaves made with high extraction wheat flour are not as white as 
those made with low extraction flour, and further they have denser 
and less spongy texture; hence many people prefer the whiter bread 
believing they find it more digestible. Wheat is the only cereal from 
which a well risen loaf of bread can be made; this is because its two 
proteins—gliadin and glutelin—produce an elastic complex called gluten 
which readily forms a sponge under the action of a gas. The protein 
of rye is next to that of wheat in suitability for bread making, but it is 
less elastic and not so strong—to use a baker’s term—and therefore 
only a heavy loaf can be produced from rye flour. 

A spongy loaf cannot be made with other cereal flours unless they 
are mixed with large amounts of wheat flour. The flour usually sent 
to tropical countries is of low extraction, this is considered by importers 
necessary because of its keeping properties (see p. 180). The nutritive 
value of bread made from low extraction flour can be improved and a 
fairly good loaf produced by adding not more than 25 per cent. of fine 
rice bran, whole maize or millet flour. 

Reinforced Bread. The practice of reinforcing low extraction flour 
(70 per cent.) with the water soluble synthetic vitamins, so that they 
are present in the same proportion as in whole meal, has been widely 
used in America in the form of a “standard loaf.’ Reinforcement 
was used in Great Britain to a limited extent during the war. 

Chappaties. In Northern India thin flat circular cakes, called 
chappaties, are in common use; they are made from whole meal flour 
called “‘ atta.” At one time the finer meals separated from low 
extraction flours were sold by the large mill owners of Calcutta and 
other parts of India as atta flour, thus it had even higher nutritive 
value than whole meal. The flour is made into a dough, small lumps 
are made into balls between the palms of the hands, and rolled into 
flat cakes which are baked on a hot iron plate with a dab of ghee or 
other oil. 
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Noodles. These are in use in all countries of the East where the 
Chinese have settled. They are made from a paste usually of wheat 
flour. The paste is rolled into a large thin slab, thin strips are cut and 
the ends joined to form rings, which are stretched between small rods, 
hung on a rack and allowed to dry in the sun. These strips of dried 
paste much resemble the Italian paste preparations such as macaroni. 
The vitamin content of noodles obviously depends on the degree of 
extraction of the flour from which they are made. 

Italian Pastes. A dough of wheat flour is placed in a steam jacketed 
cylinder, the lower end of which is covered by a plate with numerous 
perforations. A piston, fitting the cylinder, is driven down on the 
heated dough to force it through the perforations to form strings. 
The perforations in the plate at the end of the cylinder may be of any 
desired size, or the centre of each perforation may be blocked for tube 
formation, according to whether spaghetti, vermicelli, macaroni or 
other paste product is being prepared. As with so many processed 
foods of commerce the more expensive kinds are made with highly 
refined white flour of low nutritive value. Pastes keep well because 
they do not absorb moisture readily. 

Biscuits. Some, made entirely of white flour and water, are very 
hard: army and ships’ biscuits are examples of these. Most kinds of 
biscuits have various additions, such as milk, sugar, lard, butter and 
flavouring agents. 


Rice (Oryza sativa) 

Various estimates have been made of the rice production of the 
world, they range up to 7,500 million bushels * or over 200 million long 
tons. It is impossible to obtain accurate figures of the tens of thousands 
of the small fields of Asia producing variable amounts of rice year by 
year. 

Rice was first cultivated in the warmer parts of the Old World where 
numerous species of wild rice are in existence. Two wild rices of Asia 
have attracted most attention as regards the origin of the cultivated 
species. One is O. fatua so closely related to O. sativa that it is named 
by some authors O. sativa spontanea ; and the other is O. minuta. 
The present very numerous varieties of cultivated rice are believed to be 
the results of hybridization between these and possibly other wild 
species. Similarly two wild rices of Africa O. breviligalata and O. 


2 A bushel of paddy weighs 45 to 48 Ibs. and a bushel of rice 60-64 Ibs., depending on 
moisture and the shape of the grain causing it to pack heavily or not. 
14—2 


212 TROPICAL NUTRITION AND DIETETICS 


glaberrima have been studied in respect of the cultivated varieties 
grown on that continent. 

One of the aims of cultivators appears to have been to obtain varieties 
of rice the grains of which do not readily adhere together in boiling. 
This means varieties that ripen early so that the sticky sugar and 
dextrin of the unripe grain have been fully converted into starch. 
The exception to this is glutinous rice. The more extreme varieties of 
glutinous rice contain considerable amounts of soluble starch, dextrin 
and some maltose, most of these being in the deeper layers of the 
endosperm. When this rice is boiled the soluble constituents defuse 
and cause the grains to adhere in a soggy mass unsuitable for mixing 
with other foodstuffs as in curry making, and too sweet for the daily 
meals. Glutinous rice is used mainly for the making of sweetmeats 
and cakes. Several fancy varieties have been developed such as black 
glutinous rice, containing a very dark purple pigment which may 
diffuse throughout the grains when they are cooked. 

Various degrees of glutinosity may occur in rice; some varieties of 
paddy destined for ordinary use are a little glutinous when first har- 
vested, but become free of this character during storage. 

Another fancy rice occasionally used in the East is “ scented rice,” 
the scent, though appreciated locally, is too “‘mousy” for most 
Europeans. 

Preparations of Rice. A very large number of preparations are in 
use in the East, comparable with the preparations from wheat flour in 
the West. The mixtures cooked vary with the tastes of different 
races. Rice gruel (conjé) is made by boiling a small amount of rice 
(sometimes rice flour) in a large amount of water, until the grains have 
become very soft. This is commonly the first food given to infants 
after the mother’s milk. Too often if is made with highly milled rice. 
Rice flour is used to make various “ rotes” and cakes. Common 
breakfast preparations are called “hoppers” in South India. They 
are cooked on hot plates after the manner of making chappaties. One 
form is called a “* string” hopper, because it is made by forcing a paste 
through a perforated plate in the bottom of a cylinder; the “ strings ” 
being cooked massed together. 

Rice Enrichment. Since it has been found possible to synthesize 
several of the vitamins in large quantities, they have been used to 
reinforce deficient foodstuffs. The cost of doing this does not increase 
the price of a foodstuff, such as flour, by more than 2-3 per cent. 
When the enrichment of low extraction wheat flour was tried in 
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America and proved successful, attention was turned to the nutritive 
improvement of highly milled raw rice. The firm of Messrs. Hoffman- 
La Roche prepared a rice which they named “ premix.”’ This consists 
of raw milled rice which has been first mixed with a solution of vitamins 
and then coated with a film of a material, which will prevent all but a 
very small amount of the vitamins being removed by ordinary washing 
before cooking. These two processes are carried out in a rotating 
drum. The object is to enrich the rice so that the premix contains 
200 times the amount of vitamins present in hulled rice. Therefore a 
quantity of premix can be added to 199 times its weight of highly milled 
rice to give a mixture at least as rich in the added vitamins as a natural 
rice can be. 
A rice premix * has been in use which contains: 


Mixture 
Premix premix 1, milled rice 199 
mg./lb. mg./gm. pg./gm. 
Thiamine : 5 : 500 I SS) 
Niacin. , F . 3200 7:0 35-0 
Iron pyrophosphate . . 2600 So) Pa fis) 


Another preparation of premix, recommended for eastern territories 
where there is a shortage of riboflavin from most diets, contains: 


Mixture 
Premix premix 1, milled rice 199 
mg./1b. mg./gm. pg./gm. 
Thiamine : . ° 400 0:88 4-4 
Riboflavin : : ; 200 0-44 Ph) 
Niacin . : : . 2400 5°28 26:4 


This premix is stained yellow by the riboflavin and when the mixture 
is cooked the vitamin diffuses out of the grains to form very light 
yellow patches throughout the cooked mass. 

There has been much discussion concerning the use of reinforced 
rice. It may be accepted that the health policy in most countries should 
be the conservation of the vitamins naturally occurring in rice by the 
use of parboiled or lightly milled raw rice. There are, however, limited 
fields where the use of reinforced rice may be of great value as a 
temporary or even permanent expedient. It is better to give vitamins 
well mixed with food (for they are concerned with the metabolism of 
it) than in the form of tablets or by a hypodermic syringe; therefore 
reinforced rice might be widely used in hospital practice in countries 
where beriberi and other deficiency diseases occur. Similarly it would 
be of value to gangs of labourers threatened with beriberi. Some 


4M. Furter, et al.: ‘‘ The Enrichment of Rice with Synthetic Vitamins and Iron” 
(1946), Indust. Eng. Chem., 38, 486. 


214 TROPICAL NUTRITION AND DIETETICS 


people of sedentary habits find any rice indigestible except that which 
has been highly milled; therefore reinforced rice might be indicated 
for them. It has not been possible to reinforce rice with all the nutrients 
which may be removed by milling, but this is unimportant provided 
the major vitamins are used for reinforcement and the other vitamins 
occur in sufficient quantities in the other foodstuffs in the diets. 
Where people insist on using highly milled raw rice, as in some 
parts of the East, reinforcement will be necessary as a public health 


precaution. 


Maize (Indian Corn) (Zea Mays) 

Indian corn is the only species of the genus Zea, and the only cereal 
originating from the Americas. In the time of Columbus this corn 
was being grown in many regions extending from the Great Lakes of 
North America to the Argentine. It was soon discovered that maize 
would grow in localities where conditions are not particularly suitable 
for other cereals. Its cultivation spread rapidly throughout the old 
world until to-day the world production is estimated at 5,000 million 
bushels of 56 lb. per bushel. 

There are many kinds of maize developed by selection for various 
requirements or climatic conditions; some of these have been given 
varietal names by botanists. They differ from one another, firstly in 
shape, ranging from the large flat to small almost spherical forms; 
secondly in colour, being red, white, or yellow; and thirdly, there are 
a host of different characteristics of the tissue, such as being soft, 
hard or flinty, starchy or horny. 

The shortcomings of maize in respect of amino-acids, niacin, and the 
possible existence of a pellagragenic factor have been dealt with in 
Chapter IX under pellagra. 

There are various domestic methods among the labouring classes 
of preparing maize. In some countries the maize is ground by hand 
between two flat stones and the horny bran is winnowed away: in 
this case there is retention of most of the germs. Another method 
is to soak the corn in water and pound off the hulls in wooden mortars, 
remove them and pound the grain into a mash. The better methods of 
preparing an article of diet may be found in countries where the 
methods have been developed through the ages to produce safe pre- 
parations acceptable to the public. Maize has been a main article of 
diet in Mexico since long before the discovery of the Americas. A 
national daily article of diet in Mexico is a pancake made from maize 
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and called “tortilla.” The following method of preparing tortillas 
has been adapted from the Journal of Science.° 

Preparation of Tortillas. One part of corn is placed in two parts 
of lime solution (approx. | per cent. CaO), heated to about 80°C. 
for 20 minutes and allowed to stand until the next day. Boiling is 
avoided because this would produce a “* masa ’”’ which adheres to the 
hands and the hot plate during cooking. On the next day the mother 
liquor is decanted from the corn, which is then washed two or three 
times with water. The corn is ground finely by hand between stones. 
In the towns the grinding may be done in power driven mills and the 
finished ‘‘ masa” sold in the markets. About 50 gm. of “‘ masa” 
are used to form flat, circular cakes, 15-20 cm. in diameter and about 
0:2 cm. thick. The cakes are cooked for about 14 minutes and turned 
again and cooked for another 30 seconds, when the tortilla resembles a 
biconvex lens. Further cooking turns the tortilla into a hard brown 
cake preferred by Americans; but the Mexicans prefer the cake not 
brown and still pliable. Frequently the tortilla is rolled around meat 
and beans flavoured with chilli. 

Average analyses of tortilla on a dry basis compared with maize are 
as follows: 


Ca iE Fe Thiamine Riboflavin Niacin 

mg. per cent. mg. per cent. mg. per cent. wg./gm. pg./gm. pg./gm. 
Maize. : 9 PAI fe 2°9 3°9 0-9 19-0 
Tortilla 190 Sei 38), 3:3 1-0 16:7 


Important points are brought out by these analyses: (a) The lime 
greatly increases the amount of calcium, so as to balance the high 
phosphorus content of maize; (5) the increase in iron probably comes 
from the hot plate; (c) although the corn is soaked in heated lime 
water for 24 hours and then washed “ two or three times,” the amount 
of water soluble vitamins is very little reduced; a very different result 
from that which occurs when milled raw rice is washed. The heating 
to 80°C. doubtless distributes the vitamins throughout the grain. 
If maize contains a pellagragenic toxin it would be interesting to know 
what effect the soaking in heated lime water has upon it. 

Mealie meal is the term given to ground maize in Africa. It is gener- 
ally used by boiling it with a small amount of water into a firm mass. 
The African in many parts uses this as his staple diet and consumes 
it by rolling small lumps into balls and flicking them into his mouth. 

Most mealie meal is ground from maize which is somewhat glutinous. 


5 J. Sci., 102, 91 (1945). 
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Some races, including the Filipinos, prefer the non-glutinous small 
roundish red maize, which can be milled into small pieces, graded by 
screening, and used much like rice. . 

Hominy, samp and cerealine are preparations of maize meal used in 
the southern states of America. 

Cornflour, maizena and oswego are prepared from maize flour by 
washing with alkaline solution until little more than starch is left. A 
better name would be corn-starch to prevent confusion with maize flour. 

Corn flakes; a cooked preparation which has been treated with 
malt *‘ honey,”’ dried and rolled. 


Millets 

The seeds of several species of Graminew, which are used for human 
food, but are smaller than such cereals as wheat or rice, are grouped 
together as millets. They are familiar in some parts of the temperate 
zones only as bird seed. 

The following list gives six species of millets in common use in one 
or other part of the tropics. A few local names are given for each of 
them. 


SORGHUM (Sorghum yulgare), great millet, kaffir corn, millo maize, 
American broom corn, Guinea corn. Jndia, cholam, jowar, 
pyoung (Burmese). Africa, dhurra, dawa, matama, michelli. 
Chinese, kao-liang, shu-shu, lu-su. 

COMMON MILLET (Panicum miliaceum), Indian millet, panicled 
millet. /ndia, meneri, pani-varagu (bajra). Chinese, chi. 

ReD MILLET (Eleusine coracana), South Indian millet, finger millet. 
India, ragi, tanudelu, kurakkan (Sing.). Africa, talabun (Soudan), 
dakussa, or tocusso (Abys.), murwa. 

BuLRUSH MILLET (Pennisetum typhoideum), pearl millet, spiked 
millet, Kaffir manna corn. Africa, heruah (Abys.), dokhn, 
matesi, gero. India, gantelu, bajra, cambu. 

Kopo MILLET (Paspalum scorbiculatum), Kodra millet. India, 
varagu, amu. 

ITALIAN MILLET (Setaria Italica), tanahal. 


There are several other millets of the genus Panicum in use or 
occasional use in various parts of the world. Among these are: 
little millet (P. miliare), and Sanwa millet (P. frumentaceum) sometimes 
used in India as famine foods; Japanese broom corn (P. crus galli). 

The millets are not generally acceptable where the nobler cereals 
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are obtainable. Except for sorghum, the seeds are very small and 
difficult to prepare in a digestible form. The advantage of the millets 
are that under certain climatic and soil conditions they will grow to 
produce a fair amount of seed where other cereals will not. One of 
the aims in the selection of cereals for cultivation has always been to 
obtain varieties which do not readily dehisce and shed their seed upon 
the ground when ripening starts. One of the disadvantages of the 
millets is that dehiscence is often unpredictable and sudden with the 
loss of much of the grain. Further, these small grains are difficult to 
protect from the ravages of Munias and other small birds. 

Sorghum. This is the largest of the millets in every respect. The 
stems of the plant grow to 10 feet or more in height. The inflorescence 
is a large panicle loosely cone shaped. The seeds are sub-oval somewhat 
flattened, the embryo being conspicuous: they are light to dark grey 
and are carried in glumes with bases of dark—almost black—colour. 
This has caused difficulty in producing a white flour from sorghum. 
The size of the seeds is about half the volume of an average grain of 
wheat. Sorghum originated in the Old World, possibly from 
S. sudanense, an annual grass growing to 10 feet in height in the regions 
of the Upper Nile. Sorghum has been grown in China since the dawn 
of Chinese history, and it may have originated there. Large quantities 
of sorghum are grown in India and Africa, where it is eaten as cakes 
or porridge. In parts of Upper Egypt and the Sudan it is the chief 
cereal in use; it may be mixed with wheat, barley, fenugreek or even 
beans to make bread, though the loaves are not well risen. 

Common Millet is far less common in tropical countries than sorghum, 
bulrush or red millet, being more suited to sub-tropical climates. 
It is grown in some of the drier areas of India and Africa. It has a 
very rapid growth and under certain circumstances of soil and climate 
the time from sowing to harvest is as short as 2} months. For this 
reason it has been the only cereal used by some nomadic races whose 
sojourn in one place may be only of short duration. Because it was used 
by nomads it may have been the first cereal to be widely distributed. 

Red Millet. This has been called the ‘finger’? millet because the 
inflorescence somewhat resembles an up-turned hand with the fingers 
and thumb loosely bunched together. The seeds are dark reddish 
brown with a diameter of about 14 millimetre. There are several 
varieties needing different climatic conditions. This millet is much 
grown in the dryer parts of India, and in the East of Africa. It is much 
used for the preparation of native beers. 
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Bulrush Millet. The name comes from the resemblance of the 
inflorescence to that of a bulrush (Typha), but that of the millet is 
far larger, reaching in extreme cases to 3 ft. in length and 3 in. in dia- 
meter and ending in a spike. Other species of Pennisetum are common 
fodder grasses. The seeds are grey in colour, sub-oval and pointed 
with conspicuous embryo: they are about 2 mm. in length. The husks 
are more easily removed by pounding and winnowing than in the case 
of red millet. This millet is used in many parts of India and 
Africa. 

Kodra Millet. There are two varieties of a common paspalum grass, 
the seeds of which are used by man. One of these varieties is apt to be 
infected by a fungus in the seed coat, and then consumption of it may 
have intoxicating effects. 

Italian Millet. The long hanging inflorescence has been compared 
to the tail of a cat. The seeds taper at both ends, they are about 
2 mm. long, and are orange coloured. 


Oats (Avena sativa) 


Hulled oats contain about 14 per cent. of protein and up to 8 per 
cent. of fat; in these respects it is the most nutritive of cereals. It is 
difficult to separate completely the husk from the kernel, so that there 
is 34 per cent. of indigestible cellulose in oatmeal. Further, about 
40 per cent. of the phosphorus is in the form of phytin (inositol hexa- 
phosphate), which may render some of the calcium in a diet unabsorb- 
able from the digestive tract. A foodstuff rich in available calcium 
should always be taken with oatmeal, and milk is the best of these. 
Milk with oatmeal porridge supplements the proteins, and nutri- 
tionally makes an almost perfect food. 

Oatmeal contains appreciable quantities of purine bodies; experience 
suggests that these may aggravate “ prickly heat.” 


Rye (Secale cereale) 


This cannot be grown as a crop in the tropics. It is a common 
cereal in North Eastern Europe, where it is made into a moist, rather 
heavy bread; the darker coloured varieties are referred to as black 
bread. This bread is far less digestible than wheaten bread, and when 
taken by sedentary people as much as 40 per cent. may be lost during 


digestion. Ryvita is a proprietary product prepared from crushed 
whole rye. 
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Barley (Hordeum vulgare) 


This cereal is grown in Northern India and Burma. Pearl barley 
is the whole grain, hulled, milled and polished, and when it is ground 
into flour it is called patent barley; these are used to make demulcent 
drinks—barley water. 


Adlay (Coix lachryma-jobi) 


This is a tall grass found wild in the warmer parts of Asia and 
Africa; the seeds are very large for the grass family; they may be 
pearly grey, brown or black. These seeds are tear-shaped, hence the 
name “‘ Job’s tears.” The very hard shells allow them to be made 
into rosaries and necklaces. Cultivated varieties have a thin shell and 
can be fairly early ground into a flour. This strange cereal is used to 
eke out rice or other grain in the remote parts of India, China, Indo- 
China, Siam and the Philippines. 


PULSES (LEGUMES) 
(For Analyses see Table LXII, p. 404) 


The seeds of the family Leguminose are called beans or peas, and 
when dried fall under the general term pulses. Split peas are called 
dhalls in India, and dried peas, especially the smaller kind, are called 
grams. 

Both in the Old and the New Worlds a number of pulses have been 
ennobled by long cultivation. The common pea (Pisum sativum) and 
the lentil (Lens esculentum) were first cultivated near the Mediterranean 
or in Western Asia. A valuable contribution from the Americas has 
been many varieties of the genus Phaseolus, among these are the lima, 
kidney, haricot and French beans. 

Two important and prolific pulses are the soya bean (Glycine max) 
and the ground pea (Arachis hypogea), both grown on a vast scale for 
the oil they contain. The former originated in Manchuria where wild 
species exist; it has been a product of the fields of Northern China 
since the earliest historical times. Many varieties of the soya bean have 
been produced for adaptation to different climatic conditions, but 
none grows well in the lowlands of the tropics. On the other hand, 
the ground pea—of Brazilian origin—is well adapted to light sandy 
soils wherever they occur in the tropics. 

Analytical tables indicate that dried pulses are of very high nutritive 
value. They contain 20 per cent. or more of protein, and because of this 
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and their cheapness they have been called the “ poor man’s beef.”? The 
amount of fat varies greatly, some of them containing less than 1 per 
cent., but soya bean has 20 per cent. of fats, and the ground pea is very 
rich indeed, with about 40 per cent. There is about 3 per cent. of 
mineral ash in most pulses, with good value in calcium. In general, 
the pulses are fairly rich in the vitamins of the B complex. Those of 
yellow colour contain a little carotene. None of them contains more 
than a small amount of ascorbic acid, but all quickly produce this 
vitamin when germinating (see p. 226). 

But analytical tables are misleading in respect of much that they do 
not reveal. Pulses have never found a place in the diets of a population 
in any way comparable to that of cereals. The well-to-do in all 
countries join with the other classes in having bread or rice as the main 
comestible, and in general dried peas and beans are avoided. The 
majority of the labouring classes of the tropical parts of Asia include 
dhall, split grams or pea flour in their daily diets, yet about 2 oz. a day 
throughout the year is as much as 1s acceptable to the average labourer. 
The author’s experience has been that the prescription of 2 oz. of dhall 
in hospital diets has always led to waste. Aykroyd ® has recorded 
the results of 152 dietary surveys in India, Burma and Ceylon among 
about 21,000 individuals, the summaries show that 1-7 oz. of pulses 
is the daily average per consumption unit per survey. The number 
of surveys in which the average consumption unit per day falls into 
various categories from 1 oz. or less daily to 4-1 oz. or more daily is 
as follows :— 


1 oz or less 1-1-2 ozs 2:1-3 ozs 3:1-4 ozs 4:1 ozs or more 
66 41 25 

The highest daily amount consumed was in respect of 85 labourers 
‘ engaged on road-making at 4 to 8 annas per day ” (anna = 11 pence), 
during the 6 days of the survey they consumed on an average 8-4 oz. of 
pulses daily in a diet containing 28-6 oz. of cereals and a calorie value 
of nearly 4,000, which indicates the heavy work they were doing and 
this may have enabled them to digest unusual amounts of pulses. 
A cursory dietary survey among 366 Indian shop and factory workers 
in Durban (S. Africa) gave 1-4 oz. of pulses as the daily average. 

Although the Bantu of Africa has been credited with an unusual 
ability to digest beans, yet in most parts he does not appear to exercise 
this ability. F. W. Fox? has shown that if all the pulses available 


® W. R. Aykroyd: ‘* Diet Surveys in India ” (1948), Spec. Re 
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locally or imported during 1946-1947 were equally distributed among 
the 113 million population of South Africa, the daily amount per head 
would be 0-13 oz.! Even if all the pulses were used by the 64 million 
rural Bantus it would not amount to more than about } oz. per head 
per day. Fox records the actual consumption per head in various 
population groups and gives for the peri-urban adult native males a 
daily consumption of just under 3 oz. per head. 

Years ago there was propaganda in the Southern States of America 
to induce the labourers to eat peanuts as a preventive of pellagra; 
this had the support of all analytical tables. The reaction of the 
labourers was “‘ we ain’t no peanut eaters’; undoubtedly they were 
familiar with the mild distress and flatulence following delayed diges- 
tion when peanuts were included in more than minimal amounts in 
the daily diets. 

Although the pulses are far more indigestible than the cereals, all 
the reasons for this have not yet been discovered. 

The unavailable carbohydrates consist mainly of pentosans, and 
galactosans which are not digested but are broken up by the bacteria 
of the large intestines giving rise to flatulence. Further, most pulses 
contain other substances indigestible or antagonistic to digestion— 
saponins, glycosides, alkaloids, conjugates of proteins with phytin or 
hemicellulose and inhibitors, protein in nature, such as the anti- 
trypsin of soya beans; further, the fat of those pulses, rich in it, prevent 
the penetration of the digestive enzymes (also see lathyrism, p. 374). 
Some of the processes in common use in preparing pulses for con- 
sumption lessen or abolish the action of some of these, particularly long 
soaking, germination, long cooking and fermentation. Much more is 
needed to be known concerning the digestibility of proteins; it is 
certain that all compounds of amino-acids are not in equally digestible 
form. 

The leguminous plants bring fertility to the soil through the nitrogen 
fixing bacteria of their roots, and can produce more protein from an 
acre of land then any cereal. It may be that a large potential supply of 
human food could be made available by some elaboration in cooking, 
or in scientific processing of pulses or the products of them, such as 
oil cakes. 

In general, the pulses are not rich in lysine, methionine and trypto- 
phane. Legumin, a protein present in most pulses, forms a tough com- 
pound with calcium, therefore pulses are more digestible cooked in 


soft water. 
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Dhalls (Dals) 

These may be defined as “ peas”? which have been shelled, split 
and polished. The removal of the tough shells and the preparation 
of dhalls render them far more digestible than the original pulses 
from which they were made. A good dhall should be easily and quickly 
reduced by boiling to a homogenous mass free from hard grains. 

The light yellow dhall is usually made from the pigeon pea (Cajanus 
indicus), but several species are used which closely resemble this pea 
in size and appearance. One of them—khesari (Lathyrus sativus)— 
is widely used as a dhall in India, and is very difficult to distinguish 
from cajanus; under certain circumstances khesari dhall leads to 
lathy1ism (see p. 374). Red dhall is made from the lentil (Lens 
esculenta), also called Massur dhall. 

Dhall making is a village industry. There are two methods, the dry 

and the wet. In both cases the peas are first graded by means of sieves, 
so that each grade contains peas of the same size. In the dry method 
the peas are thoroughly dried in the sun and then passed several times 
through a splitting mill, which consists of two stone discs one above 
the other. The clearance between the discs can be accurately regulated 
by raising or lowering the spindle on which the upper disc revolves. 
In the first passage through the mill the clearance between the two 
stones is slightly less than the diameter of the peas of the grade being 
split. This passage results in the cracking of the outer coats and the 
splitting of a small percentage of the peas. During preparation the 
product is called dhol in India. Castor, gingelly or coconut oil is now 
stirred into the dhol to the amount of about 1 per cent., and the dhol 
is exposed to the sun, this helps to loosen the shell. The clearance 
between the stones is reduced and the dhol passed a second time 
through the mill; this splits more of the seeds, oil is again kneaded 
into them and they are passed through the mill for a third time; usually 
the process is repeated for a fourth time. Finally the dhol is winnowed 
and sieved. 
There are several variations of the wet method, but the principle 
in all is to swell the peas by soaking in water and then shrink them by 
drying in the sun, the effect being to loosen the shells. They are then 
passed once or twice through the mill, winnowed and sieved. The 
exposure to the sun lessens the content of riboflavin in the dhall. an 
unfortunate effect in countries where a deficiency of riboflavin is 
prevalent. 


Pea flour can be used either.alone or mixed with cereal flours in soups 
b 
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mashes and cakes. Pea flours do not keep in damp tropical climates 
and soon become musty from bacterial and fungus growth and the 
attacks of insects. Dhalls keep far better and this was probably one of 
the reasons for the development of the methods of making them. 

A few details will be given of some of the more important pulses :— 

PEANUT (Arachis hypogea), groundnut, monkey nut. Jndia, mung- 
phali, verk-kadalai, verushanaga kaya. Burma, mibe. Malaya, 
kachang-tanah. Africa, njuga nyassa, njuga mawe. China, loh-hwa- 
sang, fa sang. Venezuela, mani. Brazil, mendubin. W. Indies, 
pindar. An annual with pinnate leaves each with two pairs of leaflets. 
The flower stalk bearing the ovary at its tip elongates downwards into 
a root-like growth; on reaching the ground it forces its way for 2 or 
3 in. into the soil; where it develops a pale straw-coloured, pitted 
and ribbed pod, which may contain one to four peas (usually two). 
The peas are covered with a thin yellow or red skin. The peanut 
stands alone in several respects: it is the richest of all edible pulses 
in fat and niachin and the poorest in carbohydrates. The fat ranges 
from 40 to 52 per cent., depending to some extent upon the variety— 
there are about 18 mg. of niacin per 100 gm.—and the available 
carbohydrates are not more than 12 per cent. The peanut is grown 
_ for edible oil on a very large scale. In India, China, West Africa and 
the Southern States of America a total of more than 20 million acres 
are under cultivation with a production of about 24 million tons of oil. 
The peanut is indigestible because of the oil, and in other respects, for 
use in any except small amounts in daily diets. The meal, after the 
extraction of the oil, contains 7 per cent. of fat when the extraction 
has been by mechanical means, but only about | per cent. after extrac- 
tion by a solvent such as trichlorethylene. The meal is not of high 
biological value, being deficient in methionine and lysine. 

BAMBARA EARTH PEA (Voandzeia subterranea), bambara groundnut, 
jugo bean. India, nela-kadalai (Tamil). The only character in which 
this earth pea resembles the peanut is that the fertilized ovule is pushed 
underground, where it develops and ripens. The genus Vigna appears 
to be a near relative of Voandzeia. The pod usually contains only one 
pea, pale buff coloured with a large purple blotch surrounding the hilum. 
It is not an oil seed, the fat content being about 6 per cent. and the 
carbohydrates from 50 to 60 per cent. It is of African origin and its 
use is still confined mainly to that continent and Madagascar. 

SoyA BEAN (Glycine max) (G. hispida), wonder bean. Jndia, bhat, 
malai-thuverai. China, wong tau, yuan tan. The few names in the 
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tropics for the soya bean are of recent origin, because varieties which 
will flourish in the tropics have not yet been satisfactorily evolved. 
The plant originated in southern Manchuria: it is an annual, growing 
erect, 14 to 2} ft. in height. The trifoliate leaves are carried on long 
stalks: the slightly curved pods contain two to four seeds of about 
the bulk of a garden pea: the seeds are either flattened or spherical, 
and white, yellow, buff or black in colour according to the variety 
of the plant. The lighter coloured beans are usually preferred for 
human consumption, the beans of darker colour being used for oil 
extraction. 

In China and Japan, soya has long been an article of diet of importance 
second only to cereals. In 1939 the area under this bean throughout 
the world was estimated at 28 million acres, of which 13 millions were 
in China and 9 millions in Manchuria. In 1937 there were less than 
3 million acres of soya bean in the United States, but this expanded to 
more than 10 million acres during the war. The world production in 
1937 was about 13 million tons. 

The average composition of soya bean is 35 per cent. protein, 
18 per cent. fat and 20 per cent. carbohydrate. It is superior to any 
other commonly used pulse in the percentage and biological value of 
its protein; it is richer in lysine than most pulses. 

The carbohydrate of soya is a mixture of dextrines, pentosans, 
galactans and celluloses; it does not give the iodine reaction for 
starch. 

The trypsin inhibiting factor of soya can be extracted with water; 
it is a globulin with a molecular weight of about 24,000; it can be 
destroyed by prolonged boiling or autoclaving at two atmospheres 
for 20 minutes. 

This pulse is used in the Far East in many forms :— 

Nearly-ripe Seeds. The unripe seeds are somewhat adherent to the 
pods which must be boiled to free them; they are then further boiled 
or roasted. 

Dry Seeds. The seeds as such are not much used, they are indi- 
gestible and contain a bitter principle which needs hard roasting or 
prolonged boiling for its destruction. There is less of the bitter prin- 
ciple in the varieties selected for food than in some used for oil extrac- 
tion. Roasted seeds are eaten as snacks or ground into flour and used 
for various preparations. 

Soya Bean Emulsion (‘* Milk’). This has been used in China for 
feeding infants and invalids; and preparations of curds precipitated 
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from the emulsion are widely used in the Far East. The method of 
preparing a special “ milk” as practised in a factory in Hong Kong 
is as follows: (1) Selected yellow beans are soaked for 5 to 8 hours, 
length of time depending on the atmospheric temperature: softening 
and swelling takes place. (2) The soaked beans are ground in a hori- 
zontal stone mill, the beans being passed into the mill in a small stream 
of water, so that they emerge as an emulsion. (3) The emulsion is 
passed through cloth filters. (4) The filtered emulsion is passed to 
a boiler where vitaminized margarine, cane sugar, salt, calcium and 
malt are added; the boiling continues for 20 minutes. (5) To 
stabilize the preparation it is passed whilst hot through a special 
emulsifier. (6) Cooled and bottled. The ingredients for 800 oz. are: 
10 lb. dry beans, 13 lb. margarine, 2 oz. salt, 14 lb. malt, 2 lb. cane 
sugar, 10 gm. calcium lactate. More calcium lactate is not added 
because it tends to curdle the emulsion. The composition of the 
emulsion per 100 gm. is given as: Carbohydrates, 4:5; fat, 3-4; 
protein, 3-2; minerals, 0-5; thiamine, 0-15 mg.; riboflavin, 0-03 mg. 

Soya Bean Curd. In one form or other this is the commonest 
preparation in use in many parts of southern China: it is prepared 
by boiling an emulsion from the soaked and ground up beans with a 
little mother liquor—rich in magnesium salts—from a saltern, or with 
a little finely powdered gypsum (Ca. sulphate). The precipitated curd 
is pressed into slabs, and, as it is sold in the markets, has a clean white 
appearance or it may be coloured with tumeric or other stain. Curd 
contains about 8 per cent. of protein; but it may be smoked or dried 
in which case it contains 17 per cent. or more of protein. 

Fermented curds. | Curds are sometimes fermented with fungi and 
other micro-organisms. The name “soya cheese”? is sometimes 
used: an expensive preparation appears as cubes preserved in wine in 
glass bottles. 

Fermented Beans. Various preparations are in use in the East. 
A product of Java called “‘ témpé ” may be taken as an example: the 
beans are boiled for 2 hours, transferred to cold water and left for 
24 hours; then the shells are rubbed off and the kernels are steamed. 
A portion of a previous preparation containing the fungus Rhizopus 
oryze is wrapped in a leaf punctured with many holes; this is kept 
for two days so that there may be a satisfactory quantity of growing 
fungus in it. The soya kernels are mashed and the finely cut up fungus 
preparation is distributed over them. The mush is made up into 
packets with banana leaves, heaped together to ferment for 24 hours. 
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The packets are exposed to the air to cool from the heat of fermentation 
and then the témpé is ready for consumption. An approximate 
analysis of témpé in percentage is: protein 25, fat 5, carbohydrate 1, 
water 68. 

Various mixtures of soya bean with sugar, salt, wheat or glutinous 
rice are used to make fermented preparations. 

Soya Bean Sauce, kechap, or sho-yu, is prepared in large quantities 
‘n southern China and other parts of the East. It is an elaborate 
process of fermentation with various fungi, bacteria and yeasts. Many 
kinds of sauces are prepared, various flavours being given to them 
by aromatic leaves, ginger, citronella, onions, decomposing fish or 
flesh of chicken. 

Sprouted Soya Beans. Beans which have been soaked in water and 
allowed to germinate until the hypocotyl is 2 or 3 in. long are one 
of the commonest Chinese vegetables. The changes which take place 
during germination are: (1) A great increase in the amino-acid nitrogen, 
which is in a form not precipitated by trichloracetic acid. (2) An 
increase in sugars. (3) A decrease in fat. (4) An increase in cellulose. 
(5) An increase in vitamins, especially ascorbic acid and riboflavin; 
the latter may be 100 per cent. higher than in the dry beans. 

Soya Bean Flours. Several kinds of flours from soya bean intended 
for human consumption are marketed. When the oil is removed 
mechanically from the beans by the hydraulic or expeller process, 
the remaining cake contains about 5 per cent. of oil; most of this 
can be removed by solvents such as benzine or trichlorethyline. Flour 
made from the dehulled beans contains 18 per cent. of oil, and from 
extracted cakes 5 per cent. to less than 1 per cent. The difficulty of 
producing an acceptable product is due to the need of prolonged 
boiling or autoclaving at 110° C. to destroy the bitter principle, the 
anti-trypsin protein and the lipase and other enzymes which may 
cause rancidity or other undesirable effects. These flours of high 
protein value have been sold in America and Europe, where they 
have been used either alone or, more often, mixed with cereal flours 
in making various breads, cakes, biscuits and confectionery. Soya 
flour has not been much used in the tropics, because it must be marketed 
in hermetically sealed tins or it will not keep; this is costly and prevents 
the flour becoming a common article of diet for the general public. 

Mixtures of Soya Beans and Cereals. Some of the flours which 
have been placed on the markets in the temperate climates are mixtures 
of soya bean and cereal flours. They may be prepared by making a 
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mush of the malt and extracted soya bean meal, and after the enzymes 
have been allowed to act for half-an-hour or longer the mush is heated 
dried and powdered. 

Milk Substitutes. The Chinese have used soya bean preparations 
for infant feeding, but this practice is not as common as has been 
believed. The use of pulses in infant feeding is a complicated matter 


because of the difficulty of making preparations from them with good 
flavour and digestibility (see p. 231). 


The Genus Phaseolus 
Pulses of this genus may be divided into two groups. 


1. Those of Old World Origin (Asian). 2. Those of New World Origin. 


(a) P. aureus, green gram. (a) P. lunatus, lima bean. 
(b) P. mungo, black gram. (b) P. vulgaris, kidney bean. 
(c) P. calcaratus, rice bean. (c) P. multiflorus, scarlet runner. 


(d) P. aconitifolius, moth bean. 
(e) P. angularis, adzuki bean. 


GREEN GRAM (Phaseolus aureus). India, mung, urithulu, muneta, 
payaru. Africa, dochirokko, posue, bokwa, ntoya. China, loke tau. 
This pulse grows well in the tropics where the rainfall is not too heavy. 
The plant, erect or spreading, grows to a height of from 1 to 3 ft. 
The leaves are trifoliate. Three or more long narrow pods radiate 
from around the stem. The pods carry a dozen or more seeds, which 
ripen in three months. The commonest variety of the plant has dull 
green seeds, but the plant was first named from a yellow seeded variety. 
Black seeds also occur and are easily mistaken for P. mungo (q.v.). 
The forms in which this pulse is eaten are :— 

Dry Gram. The seeds require soaking and prolonged boiling to 
soften them. And in this form they are widely used in India. This 
gram may be split as in making dhall, and is then more easily cooked. 
A vermicelli-like paste is made from the split gram, which is soaked 
and mashed into a thin paste, placed in a cloth bag, squeezed and 
partly dried; boiled for half-an-hour and squeezed again, kneaded 
with hot and cold water and finally dried. 

Gram Flour. Flour is made from this gram and used for many 
preparations. 

Sprouted Gram. When germinated under tropical conditions the 
sprouts grow to 2 in. or more in 3 or 4 days. This is the commonest 
gram used for germination in South-east Asian countries. 

BLACK GRAM (Phaseolus mango), urd bean. Jndia, urd, ulandu, 

15—3 
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minimula, patchey-pyre, mash kalai. There is much confusion between 
this bean and P. aureus, which is generally considered to be the true 
mung bean. The green pods are used as a vegetable. In many parts 
of India black gram is considered the best of all pulses. It is eaten 
whole, boiled or parched. A dhall is made with it. It is roasted and 
ground into a flour and consumed as a porridge, or baked into flat 
cakes or biscuits. 

Rice BEAN (Phaseolus calcaratus). India, sutri, ghurush. This is 
a twining annual found wild throughout southern Asia. In northern 
India and in Burma it is cultivated and used as a food. The pods 
contain small yellow seeds about 3 mm. in diameter. 

“Motu ” BEAN (P. aconitifolius). India, moth, tulkapyre. Used in 
some parts of India. 

ADZzUKI BEAN (P. angularis). Much used in Japan and northern 
China for cakes and confections. 

Lima BEAN (P. Junatus), sugar bean, Hibbert bean, duffin bean, 
butter bean. India, bunburbutti, kursumbrille pullie. Africa, 
unverango, btuma. China, sai min tau. Receives its name from the 
Peruvian town of Lima, where it was found growing by Spaniards in 
the fifteenth century. It is a perennial climbing plant, growing fairly 
well in some tropical countries such as Burma. The beans are white 
or of various colours or combinations of colours—red, brown, red on 
buff, etc. They contain a cyanogenetic glycoside and enzyme (see 
Do/9): 

KIDNEY BEAN (P. vulgaris), French, haricot, navy, pinto. The 
pods are frequently called string beans. Jndia, bunchi or bonche, 
bunchi-kai, avarai. A vast number of varieties of this plant have been 
evolved since the plant was first brought from its home in South 
America. Most varieties are grown only for the immature green pods, 
which is one of the commonest and most valuable vegetables in many 
tropical territories. Its rival for this purpose and for the name “ string 
bean” is Vigna sinensis (q.v.). Other varieties are grown for the 
ripe beans, which may be white or coloured. 

. THE SCARLET RUNNER (P. multiflorus). This plant grows well only 
in the hills of the tropics. It is uncommon in the lowlands. 

Cow Pea (Vigna sinensis, V. unguiculata, V. sesquipedalis), string 
beans, yard-long beans. Jndia, lobia, chowli, paythenkai, thattapayru, 
boberlu. Africa, labia, adoug-gouari (Abyss.). China, tau kok. 
This plant has been cultivated in Asia from very ancient times. 

The leaves are trifoliate. There are a bewildering number of 
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varieties grown for the pods, seeds or green manure. They may be 
roughly placed in three categories :— 


(a) The dwarf form, a non-climbing variety with narrow pods 
carried erect, sticking out in pairs like horns, or curved and 
hanging. It is grown for the white or coloured seeds, or as a 
green manure. 

(b) A tivining form with pods not more than 18 in. in length. The 
pods are smooth, light green, turning pale with maturity. The 
seeds are a dark reddish brown with a light area, the size of the 
seeds are up to } in. long by ¢ in. broad. This form is grown in 
Africa in conjunction with maize. 

(c) The yard-long bean twining form, with twisted and wrinkled 
pods up to a yard in length. The seeds are a uniform light reddish 
brown with light hilum. There is much bulging of the pods over 
the seeds, which are a little smaller than those of variety (0). 


The pods of the cow pea are not inferior as a vegetable to those 
of the kidney bean as grown in the tropics. 

EGYPTIAN KIDNEY BEAN (Dolichos lablab), hyacinth bean, field bean, 
dolichos bean, Bonavista bean, Tonga bean. India, sim, mutcheli, 
alsanda, pai(Burma). China, pintou. This plant originated in tropical 
Asia. The pods are characterized by tuberculate margins and persistent 
style. There are four to six beans in each pod. There are several 
varieties: white, yellowish with black dots, brown, black with white 
dots or black seeds of 4 to } in. long. The hilum of the bean is long 
and covered with a strip of thick white soft tissue. The plant is peren- 
nial, and crops at least twice during the year. The pods, unripe seeds 
and dry seeds are used. A coarse flour is made from the bean in China 


and Indo-China. 

Horse Gram (Dolichos biflorus). The seed is occasionally used in 
India. 

Dhalls, as stated on p. 222, are made from a number of grams, the 
commonest are the Pigeon Pea (Cajanus indicus), the Lentil (Lens 
esculentum) and the khesari pea (Lathyrus sativus) ; the first two are 
subtropical climate plants, and are extensively grown in northern 
India; the khesari pea is widely grown in many parts of India, especially 
in dry parts against the failure of cereal crops. 

Cuick PEA (Cicer arietinum), rough gram, Bengal gram. This is a 
subtropical and temperate climate plant, grown in north India and 
Burma. The pods contain a single seed. 
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Custer BEAN (Cyamopsis psoralioides). India, kottavarai. An 
erect-growing annual, which can be cultivated in hot dry climates. 
The light green, hairy pods of 2 to 2} in. in length grow erect in clusters. 
The small seeds are black, white or grey in colour. The tender pods 
are used in Indian curry. The dry seed is also eaten. 

FouR-ANGLED BEAN (Psophocarpus tetragonolobus), Goa bean, 
asparagus pea, winged bean, Averrhoea bean. /ndia, murukavarai. 
China, see-kok-tau. A climbing plant with tuberous roots. The pods 
are dark green, 6 to 8 in. long, and have four thin wings or flanges 
with serrated edges. The immature pods may be eaten raw as a salad, 
or sliced and boiled as a vegetable. The seeds are sometimes eaten. 
The tuberous roots are eaten in Burma, they have the firmness and 
sweetness of an apple. They must not be mistaken for the more 
common edible root of the Yam bean. 

Locust BEAN (Ceratonia siliqua), carob bean. St. John’s bread. 
A native of the Levant, where large quantities are grown for cattle 
food and other purposes, the dried sweet pods being used. It is 
cultivated in India, Africa and the West Indies and occasionally used 
as human food. 

AFRICAN Locust BEAN (Parkia biglobosa and P. jilicoidea). The 
interior of the seed. pods are filled with a spongy endocarp, which 
turns bright yellow on maturity. The seeds, containing 8 per cent. of 
oil, are roasted, pulped and fermented: this serves some African 
tribes as a food when travelling, such as dates serve the Arab. 

SworD BEAN (Canavalia gladiata). This is distinguished from its 
near ally the Jack bean (C. ensiformis) by the length of the hilum, 
which in the sword bean is nearly as long as the bean, but only half as 
Jong in the Jack bean. The latter is unpalatable. The young tender 
pods of the sword bean are used as a vegetable. The seeds are used 
only after prolonged boiling in salt water, often followed by 
fermentation. 

VELVET BEANS (Mucuna spp). There are a number of varieties or 
closely allied species of the genus Mucuna, which may fall under the 
specific name M. utilis. The number of varieties indicate that it was 
widely cultivated in the past and has been neglected in recent times 
because of the importation into southern Asia and acclimatization of 
better pulses. M. aterrima is the black velvet bean, the seeds are used 
after prolonged soaking and the skins removed, and then thoroughly 


cooked to destroy or remove toxic substances. M. cochinchinensis is 
the Lyon’s velvet bean. 
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Honey Locust (Prosopis juliflora). Mesquite tree. In the West 
Indies and Central America the sweet dry pods are ground up and 
eaten. Also a beer is brewed from extracts of them. 

GARDEN PeA (Pisum sativum). This is not a tropical plant but is 
occasionally grown in the hills. Considerable amounts of this pea 
are imported into tropical countries, some in the dry form, but a greater 
amount in tins. 

BROAD BEAN (Vicia faba). Not a tropical plant. 

YAM BEAN (Pachyrrhizus erosus). The large tuberous roots of this 
leguminous plant are eaten but not the seeds or pods (see p. 240). 

West INDIAN Locust (Hymenea courbaril). A tree growing to 
100 feet or more. The large pods contain beans surrounded by a 
sweet pulp. The pulp is eaten after becoming mealy as the pods 
ripen. 

MADRAS THORN (Pithecellobium dulce). This tree of American 
origin is much grown in India and other eastern tropics; there is a 
sweet edible pulp within the pods much relished by children. 


Substitutes for Milk 


Throughout the greater part of the tropics and in many lands north 
and south of the tropical belt little or no milk is available for the 
poorer classes. And, further, in most of these areas the price of milk 
is far higher than in the countries of the temperate zones; therefore 
it is available only for the well-to-do classes. 

The lack of adequate milk in the tropics is not because there have 
been no attempts to supply it. Dairies have been established in the 
lowlands of many tropical countries and have supplied limited amounts 
of milk to hospitals, infant clinics and to those who can afford to pay 
high prices, but sufficient milk for all children and the public in general 
has never been produced. Far more milk could be produced in the 
highlands than at present; even so the grazing areas are insufficient 
to solve the problem for the lowlands, particularly where large indus- 
trial towns exist. 

Many attempts have been made to produce cheap substitutes for 
milk, the bulk of these must come from cereals and pulses, therefore 
it is appropriate to deal with the subject here. 

Obviously for the first few months of life the mother’s milk (or 
some other milk in rare cases) is essential for her infant; but the 
statement is sometimes heard that milk (meaning cow’s milk) is 
essential for children. Undoubtedly milk is very desirable to promote 
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good growth and health of children, but it is certainly not essential. 
There were races of well-grown men long before cattle were domesti- 
cated, as is testified by the skeletons of the early stone ages. The men 
of these times were mainly hunters and their children were brought 
up on far larger amounts of meat than is possible among the larger 
populations of to-day. 

No particular foodstuff of any kind is essential because all the 
nutrients needed by man are found both in animal and vegetable 
foods. 

The great advance in the knowledge of food and nutrition during 
recent times has reached a stage when it should not be difficult to 
produce foods from cereals, pulses, oil seeds or other plant products 
having sufficient nutritive values to be adequate substitutes for milk. 

For such substitutes to have wide use in the tropics the following 
properties are needed :— 


(a) They must be agreeable to taste so that infants will take them 
readily. 

(b) They must be sufficiently digestible and nutritious so that a 
malnourished child will soon thrive upon them. 

(c) They must be in a form of easily emulsifiable powders which 
can be distributed in cheap containers. 

(d) They must be far cheaper than cow’s milk. 


It should be possible to make a vegetable substitute for milk even 
more nutritious than milk by the inclusion of an iron salt and 
vitamin C. 

Where milk is produced only in small quantities, the labouring 
classes rear, or fail to rear, their infants on cereal paps. Watery paps 
of rice or other cereals are far more easily prepared and generally 
more acceptable by infants than pulse preparations. In temperate 
climates or mountainous areas where there is plenty of milk, substitutes 
cannot be expected to compete with milk, but this is not the case where 
the competition is mainly with cereal paps upon which children cannot 
thrive. 

[t is difficult to make many of the pulses and oil seeds digestible by 
simple domestic devices, otherwise they would have been brought 
to greater use long ago. The digestibility and nutritive values of some 
seeds may be improved by several procedures, such as by germination— 
as occurs in malting—by the action of one germinating seed upon the 
proteins and carbohydrates of another, by fermentation with micro- 
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organisms, by autoclaving and by other procedures which are beyond 
domestic practice.® 


The Composition of Substitutes for Milk 


The bulk of the preparations will come from various seeds. Adjust- 
ments in the amount of fat, carbohydrate and minerals can be made 
by the addition of vegetable oil, cane sugar, calcium phosphate or 
carbonate and iron citrate respectively. Two main difficulties are 
the incorporation of proteins of high biological value and the addition 
and stabilization of vitamins. The human body does not need the 
amino-acids in exactly the proportion that they occur in cow’s milk. 
The important amino-acids are lysine, tryptophane and methionine. 
The biological values of foods of vegetable origin are limited to a large 
extent by the comparatively poor amounts of lysine in these foods. 
The proteig_of soya bean has high biological value, mainly because it 
is rich among seeds in lysine. However, it does not contain as much 
methionine as is desirable. Maize is a cheap cereal, but it is far too 
poor in lysine and tryptophane to be used as a main source of substi- 
tutes for milk; but some fraction might be used to increase the value 
in leucine. In some respects rice, among the cereals, has a high 
biological value. The bulk of a milk substitute might be prepared 
from rice and soya bean. But it is desirable to use in any country the 
pulses cheapest to grow in that country, and there are pulses which 
grow far better under tropical conditions than soya bean. The protein 
mass of all vegetable matter can be fractionated into separate proteins 
having different amino-acid composition. A protein of very high 
biological value might be obtained by the assembly of fractions 
obtained from the proteins of several seeds. 

Some of the necessary vitamins will be present in sufficient amounts 
from the cereals and pulses with which the substitute has been prepared. 
Others must be added. Two very rich sources of vitamins are yeasts 
and fish liver oils. The former can supply the water soluble vitamins 
of the B complex group, and the latter the oil soluble vitamins. Yeasts 
and liver oils have been used to enrich foods, they have the disadvantage 
of imparting slight odours and tastes to foods which are objectionable 
to most people, and yeasts contain unknown substances which are 
liable to cause digestive disturbances. It is better to use synthetic 


8 About 2 million tons of oil cake are produced yearly in different parts of the world; 
most of this is rich in proteins. It would bea valuable addition to the food supply of the 
tropics if this could be processed for human consumption. The main oil seeds are: ground- 
nut, cotton seed, soya bean, rape seed, linseed, sesame and sunflower. 
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vitamins. About ten years ago small amounts of pure vitamins were 
first placed on the market at very high prices: but with increased 
production the price fell. Vitamin B, is a good example of this. In 
1940 a few pounds of it were manufactured, but in 1948 nearly 100 tons 
were produced, and during this time the price fell from $1,000 a kilo 
to $160. Much the same occurred with other vitamins. With increas- 
ing production the price is likely to fall still further. The vitamins 
which will be required in a whole food for infants prepared from 
pulses and cereals are vitamins A, C, D and riboflavin, and possibly 
others. The cost of enrichment with these vitamins would be one of 
the smallest items in the preparation of the substitutes and might not 
be more than 2 per cent. of the total cost. Some vitamins are unstable 
in that they are easily oxidised or otherwise destroyed, especially in 
fluids; but the stabilization of them in dry powders presents little 
difficulty. 

There have been a number of attempts to produce vegetable substi- 
tutes for milk. In 1935 Helen Mackay ® used soya flour as a partial 
substitute for milk in feeding infants. She used a mixture of soya bean 
flour and dried milk powder. Over 200 infants were fed with it, the 
youngest being about one month, and the results were promising. 
Since then many attempts have been made to produce similar powders. 
In some European countries under conditions of war milk was almost 
unobtainable. In 1945 D. G. Caprino, of the laboratories of Peronis 
brewery in Rome, produced a malted food for infants: this and modi- 
fications of it have been called Maltavena. A preparation of maltavena 
used for feeding destitute children in Germany was made from malt 
4 parts, soya flour 1 and wheat flour }. The ingredients, however, 
were tried in various proportions. H. Chick 1° tested a number of 
these preparations with young rats and reported: ‘‘ The results of the 
tests indicate that a combination of malt extract 70 parts, wheat flour 
about 10 parts and soya flour about 16 parts (on a solids basis) possesses 
a mixture of proteins where growth promoting value for rats-is about 
equal to that of the proteins of milk.” Animal experiments give an 
indication of the values of a food for human consumption, the values 
can only be finally established by long and carefully planned trials 
with infants and children. Some of the needed trials have been carried 
out In war-ruined Germany and in India with good results. Some 
useful preliminary work has been done at the Indian Institute of Science. 


° H. M. M. Mackay (1940) Arch. Dis. Childh., 15, 1. 
‘© Lancet (1946), ii, 601. 
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Bangalore, by Drs. S. S. De, V. Subrahmanyan and others. Several 
satisfactory preparations from cereals and soya bean have been placed 
on the market in Europe and America for feeding children who are 
allergic to milk. But these preparations are far too expensive to solve 
the problem of adequately feeding infants and children where milk 
is not available. 

There appears to be a missing link between the many more or less 
successful investigations in laboratories and the large scale production 
on a commercial basis. This urgent problem needs the attention of 
chemical engineers experienced in food processing to set up pilot plants 
in which several tons of any promising preparation can be produced 
so that there may be large scale trial feeding of infants and school 
children. It is difficult to supply, with makeshift appliances, products 
with a pleasing appearance, acceptable taste, convenience in handling 
and uniformity as from sample to sample. 


CHAPTER XII 


ROOTS AND TUBERS, LEAVES, GOURDS AND PUMPKINS, 
VEGETABLE FRUITS, NUTS, DESSERT FRUITS 


(For analyses see Table LXIII, p. 406.) 


TuBers, which contain 20 per cent. or more of carbohydrates, are 
major articles of diet in many parts of the world. They come from 
various families and genera; the following are the more important :— 


Family Genus Common name 

Solanacee. Solanum. Irish potato. 

Convolvulacee. Ipomoea. Sweet potato. 

Dioscoreacee. Dioscorea. Yams. 

Aracee (Aroids). Colocasia. Taro, cocoyam, Dasheen. 
Xanthosoma. Tania, Eddo, Yautia. 
Amorphophyllus. Elephant foot yam. 

Euphorbiace. Manihot. Manioc, Cassava, “* Tapioca.” 

Marantacee. Maranta. Arrowroot. 


A number of others are occasionally used. 

THE Potato (Solanum tuberosum). This is frequently called the 
Trish potato because Ireland was the country in which it was first 
very widely used after its introduction from South America. In most 
European countries a long time passed before it was generally accepted 
as an important article of diet. The potato is cultivated in most 
mountainous parts of the tropics, but has never been a successful 
crop in the lowlands. Its nitrogen content indicates 2 per cent. of 
protein, but some is in the form of amides, asparagine, glutamine, 
and other non-protein substances: probably the proteins available 
are not more than | per cent. It is a valuable anti-scorbutic, especially 
when fresh green vegetables are not available. 

SWEET PoTATO ([pomoea batatas). India, vallikilangii, chelagada, 
kaz-wan (Burma). S. America, batata. Mexico, camote. W. Africa, 
dankali. China, faan shue. This was brought to Europe by Columbus 
on his return from his second voyage to the New World. It was at 
one time in use in many parts of Europe, where it has been replaced 
by the Irish potato. There are a large number of varieties suitable 
for different climates. It is an herbaceous climber. The leaves— 
though of a general pattern—vary considerably in shape, the extremes 
being an ovate leaf with a few short blunt lobes around the margin, to 
a leaf with long narrow lobes like the marking of a bird’s foot. The 
tubers differ in the colour of the skin, being white, yellow, light mauve, 
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pink or red, and in the colour of the flesh, being white, yellow, pink 
or mottled. Those with yellow flesh contain carotene. The leaves 
are edible. They were much used by the European prisoners in 
Malaya during the war; large quantities of the dried leaf being con- 
sumed. When much cropping of the leaves takes place, there is little 
or no tuber formation. 

YAMS (Dioscorea spp.). The word yam probably originated from 
the Portuguese inhama or nama. Jndia, ratalu, peria karanai, kodi 
kelengu. China, sam shue, tai shue. At least six species of Dioscorea 
have been brought into cultivation in different parts of the world. 
In tropical Asia, D. alata and D. esculenta, in Africa, D. rotundata 
and D. cayenensis, in S. America, D. trifida, and in China, D. opposeta. 
These are perennial climbing plants. There are many wild species, 
some of which are used by primitive tribes. The tubers of all wild 
species contain poisons or substances which render them indigestible, 
among these are tannin (up to 6-4 per cent. in tubers of D. cirrhosa), 
saponins, alkaloids (dioscorine and others) and irritant substances of 
unknown composition. Selective cultivation has succeeded in pro- 
ducing varieties free or nearly free from these objectionable substances. 
Unfortunately the power to produce them may be latent in the plant, 
and small amounts of these substances may appear in tubers cultivated 
under poor conditions. This may account for these tubers being less 
used then they might be, for some varieties, when properly cooked, 
have all the properties of a good floury potato. There has been an 
interchange of species of yams throughout the world so that a species 
grown in one continent may have had its origin in another. The roots 
range in size from a few inches in diameter in D. esculenta to as much 
as 2 or 3 ft. and weighing 100 Ib. in the case of D. alata. 

TARO (Colocasia esculentum and C. antiquorum), cocoyam, dasheen, 
eddo. India, kashu, shepang-kelengu, shama-thumpa. Africa, ko-ko, 
kolkas. China, wu tau. It originated in south-eastern Asia, from where 
it has spread to all tropical countries. This plant enabled many of 
the Pacific Islands to be populated, because the tubers of certain varie- 
ties of the plant will keep on sea voyages for several months, which is 
not the case with the more perishable yams and sweet potatoes. When 
the Pacific islands were first visited by Europeans, fish and taro were 
found to be the main articles of diet on a large number of them. It is 
an erect perennial aroid with large peltate leaves (see Fig. 35). The 
underground tubers are 6 to 12 in. in length. There are many varieties. 
The leaves, as well as the tubers, of all varieties are eaten, and some 
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varieties are grown mainly for the leaves. One kind of poi of Polynesia 
is made from boiled taro. A poi is any starchy food beaten into a paste 
with coconut or other foodstuff and allowed to ferment for two or three 
days. (Poi is also made from plantains or bread fruit.) Although of 
Asian origin, the taro has become the staple article of diet of forest 


Dioscorea Yam 
(Perennial climber) 






Xanthosoma (Tania) 
(Leaves sagittate) 


Colocasia (Taro) 
(Leaves peltate) 
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tribes of Africa in localities where cereals are not grown, some tribes 
in Ashanti are examples. 

TANIA + (Xanthosoma_ sagittifolum and X. violaceum). Yautia, 
“ dasheen ” and “ eddo.”” This plant is of New World origin; it was 
to the West Indian islanders what the taro was to the Pacific islanders. 
Since the tania and the taro have been cultivated in most parts of the 
tropics great confusion has arisen between them, and many popular 

* Native names for birds, beasts or plants are often used very loosely except in obvious 
cases, such as, for a common crow, and elephant, or a bread-fruit tree. A species of 
aroid or yam may be called by different names in the various localities of a country, or the 
same name used for very different species. Where there is no dictionary of a particular 


language it is futile to discuss which name is correct, because all names are more or less 


correct until such times as those who produce the first dictionary arbitrarily settle the 
matter in a Johnsonian manner. 
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names are equally applicable to either of them. The plant is an aroid 
with very large sagittate or hastate leaves; the basal lobes not being 
joined as in peltate leaves is one of its features distinguishing it from 
the Colocasia. Tania tubers enter largely into many of the diets in 
the West Indies. The tubers contain a sapotoxin, and Dr. Alfred Clark 
suggests that this may be the cause of chronic nephritis prevalent in 
some West Indian islands, such as Trinidad. 

ELEPHANT Foot YAM (Amorphophyllus campanulatus). A tall aroid 
with large leaves. It is cultivated in India, Indo-China, Java and other 
parts of South-East Asia. The wild varieties are sometimes eaten; 
they are objectionable in that they contain needles of calcium oxalate 
and an alkaloid. 

Manioc (Manihot utilissima). Cassava, “ tapioca,’ mandioca. 
This plant comes from the tropics of South America. It has long 
narrow stems and compound palmate leaves of five or six leaflets. 
Each plant produces many elongate irregularly arranged roots. It will 
grow on relatively poor soils and is the most prolific of all tropical 
root crops, producing 7 to 10 tons or more to the acre. The whole 
plant contains a glycoside /inamarin and an enzyme linase, which 
interact to form prussic acid (see p. 380). The greater part of the 
glycoside is in the outer coats of the root; this is well known to those 
who habitually use the root for food, so that care is taken to peel and 
wash the roots before cooking. 

The amount of HCN which is produced in a root varies greatly, 
depending on conditions of cultivation and variety of the plant. 
Varieties have been divided into “ bitter’ and “ sweet’ groups, the 
former being credited with more glycoside than the latter, but the 
division does not hold good. 

Manioc is used in several ways. It is boiled as a vegetable. It is 
grated and dried in the sun; this coarse powder is called farine in 
the West Indies. The Spanish conquistador Cortez used the powder 
as a staple article of diet in his conquest of Mexico and other territories. 
The peeled roots are sliced and dried in the sun in Java to eke out rice. 
The common fecula tapioca is prepared from manioc roots (see p. 197). 
The tender leaves of the plant are eaten as a vegetable. 

Arrowroort (Maranta arundinacea), used to make the most refined 
of all feculas for hospital use (see p. 197). 


Other Starchy Roots 


ALOcasIA (Araceae). The tubers of several species of this aroid are 
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used. The commonest in southern Asia is A. macrorrhiza, but is only 
eaten when stocks of other food are low. 

CysTOSPERMA EDULE (Aracee) roots occasionally used in: Indonesia. 

Root OF THE YAM BEAN (Pachyrrhizus erosus). The tubers of this 
leguminous plant are eaten in considerable amounts in Burma, southern 
China, and other parts of south Asia. The root becomes sweet as it 
matures and is often eaten raw. It may be grated and added to a 
salad. It contains about 10 per cent. of carbohydrate. 

SWAMP OR PonpD Roots. There are starchy roots growing in swamps 
or ponds which are occasionally eaten or used in seasons of scarcity 
to eke out more usual foodstuffs; among them are: lotus roots 
(Nelumbrium spp), water lily roots (Nymphea spp), the water chestnut 
(Trapa bispinosus), singhara nut, the water calthrop (Trapa natans) 
and the tubers of the arrowhead (Sagittaria sagittifolia). (The seeds of 
these swamp plants are also used ground into a flour.) 

CANNA EDULIS (Cannacee). The roots of several species of South 
American cannas are edible. One of them, C. edulis, has been used 
in Hawaii, West Indies and Queensland for making arrowroot. 

TACCA PINNATIFIDA (Taccace@). This plant of the black lily family 
has somewhat bitter tubers. In some Pacific islands they are eaten 
roasted, but more often they are used to prepare arrowroot (Tahiti) 
(see p. 197). 

CoLeuS TUBEROSUS (Labiate). The small spherical tubers are 
eaten in Africa and various countries of South Asia. 

PLECTRANTHUS (Labiate). The roots of several species of this 
genus are used in East and West Africa. The Haussa name is rigga. 
They are called “ umbondive ” or ‘‘ Kaffir potato ” in Natal. 

THE Roots oF SEDGES. Two genera of sedges have edible roots. 
Cyperus esculentus is cultivated on-a large scale in Southern Sudan, 
and also on the West Coast of Africa. Various names have been given 
to it, including tiger nut, Zulu nut and earth almond. Other species of 
this genus with edible roots are: C. tuberosus, C. bulbosus and C. 
rotundus; the latter is called nut grass in the East. The other genus 
is Eleocharis, with two species, E. dulcis and E. tuberosus. They are 
used in South-East Asia and are sometimes called water chestnuts. 

Roots OF PALMS. The starchy roots of palms are occasionally 
ground into flours, and used for various preparations. In South 
India and Ceylon the roots of the palmyra palm (Borassus labellifera) 


are used; they are obtained from the young plant about 4 months 
after germination. 
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THE APIO OF Porto RICO (Arracacia xanthorrhiza) (Umbellifer@). 
A favourite vegetable root of the northern parts of South America. 
It is somewhat like a parsnip. 


PARSNIP (Pastinea sativa) (Umbellifere) is grown in tropical hill 
stations. 


Roots with less than 10 per cent. Carbohydrates 


Carrot (Daucus carota) (Umbellifere). This vegetable is not 
easily grown in the lowlands of the tropics, but the Chinese, with their 
wonderful ability as gardeners, have grown it successfully wherever 
they have settled, in Malaya, for instance. 

Onions (Allium cepa) and LerKs (Allium porrum) of the family 
Liliacee, can be successfully grown in the lowlands. Other members 
of this genus are Chives, which are dealt with under leaves, and garlic 
and shallots under condiments. 

RADISH (Raphanus sativus) (Crucifere). There are a number of 
varieties of this plant. The small radish of Europe is grown in the 
hills of the tropics. The variety /ongipinnatus is much cultivated in 
China and Japan, and produces a large cylindrical root weighing up 
to 40 lb. The Chinese settled in tropical countries grow this root, 
though it does not obtain the dimensions of those grown in more 
temperate regions. The leaves also are eaten. 

TurRNIP (Brassica campestris v rapa) (Crucifere). Grown mainly 
for the leaves. 

JERUSALEM ARTICHOKE (Helianthus tuberosus). This is the only 
contribution to the foodstuffs of the world that came from that part 
of America now the United States. It has been adapted for growth in 
certain parts of the tropics of both New and Old World. This root 
contains the carbohydrate inulin, which is not digestible; probably 
not more than 50 per cent. of the carbohydrates are available. 


LEAVES, SHOOTS, STEMS 
(For analyses see Table LXIV, p. 408) 

Leaves have outstanding values of carotene and ascorbic acid, the 
former may have a vitamin A value in fresh dark green leaves up to 
about 13,000 I.U. per 100 gm., and the amount of the latter may be from 
20 to 100 mg. per 100 gm. But there are records of a very high content 
of ascorbic acid, for instance, Platt * gives 2,726 mg. per 100 gm. for 


2 Spec. Rep. Ser. Med. Res. Coun., Lond., No. 253. 
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fresh persimmon leaves (Diospyros kaki). Many more vitamin analyses 
of tropical leaves are required. Many leaves are rich in iron, though 
much of it may not be available. Some leaves, including spinach, 
contain considerable amounts of oxalic acid, and therefore, except for 
occasional use, should be avoided for children’s diets; unfortunately 
there are many leaves in use in the tropics of which nothing is known 
concerning the oxalate content. 

An assortment of numerous leaves are used in the diets of tropical 
populations. Almost any young leaves from trees, shrubs or herbs 
may be used in small or large amounts, frequently or occasionally; 
only those repulsive to taste or very poisonous being avoided. 

We need not be astonished at the numerous leaves still used in 
many countries when we recall the long list of herbs used in European 
kitchens in past times. Among these were:— 

SORREL (Rumen acetosa) was cooked with meat or used in large 
quantities as a “ spinach”; purslane (Portulacea oleracea), marjoram 
(Origanum vulgare), rue (Ruta graveolus), wild chives (Allium ursinum), 
sage (Salvia officinalis) and many others were used as pot herbs; fennel 
(Feniculum vulgare) was especially recommended for cooking fish; 
water cress (Nasturtium officinale), garden cress (Lepidum sativa), 
dandelion (Taraxicum Dens leonis) were used as salads; nettle leaves 
(Urtica spp) were boiled; eyebright (Euphrasia officinalis), elecampane 
(Inula helenium), speedwell (Veronica spp) and others were used in 
food in the belief that they were curative of certain ailments. Some 
leaves may be classified as vegetable foodstuffs because of the nutrients 
they contain, others as condiments being stimulating to the appetite, 
and others as drugs mainly because of a faith—usually unfounded— 
that they have curative properties. 

Herbs brought a supply of vitamins A and C and iron to the diets 
particularly after a long winter during which very little fresh food was 
obtainable. Similarly, in countries with dry seasons, the improvement 
of health, following the consumption of tender leaves appearing after 
the rains, would be apparent. It may be that the curative effect of 
leaves for scurvy, and ill health from various deficiencies led to the 
belief that herbs of one kind or another were curative of all ailments. 
Whilst science has upset this belief in the countries of the temperate 
climates, it is still widely held throughout the tropics. 

Many herbs contain undesirable substances including oxalates, 
saponins, glycosides and volatile oils, so that they cannot be taken 
frequently or in large amounts without digestive or other disturbances. 
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It appears that the common practice of ringing the changes among a 
large number of herbs prevents cumulative action. 

The disappearance of the use of wayside herbs and the decreased 
use of many garden herbs in Britain followed the development of 
kitchen gardens, with the introduction and ennoblement of many 
fruits and vegetables. The process has started in many tropical lands 
but there is a long way to go before adequate garden produce is easily 
obtainable by all sections of the community. One good garden vegetable 
may well replace a dozen or more gathered from the wayside or neigh- 
bouring jungle. 

Many leaves having common English names are in use in the tropics, 
but others have no appropriate English names, and are often grouped 
as “ spinach.”” Therefore some will be dealt with under English names, 
as cabbage, lettuce, etc., and others under generic names, as amaran- 
thus, sesbania, etc. Leaves used in small amounts mainly as seasoning 
fall under pot herbs (see p. 271). 


Leaves, Shoots and Stems with Common English Names 


ARTICHOKE (Globe, French) (Cynara scolymus). This plant grows 
best in sub-temperate climates. In a few tropical countries it is more 
or less a luxury food of small nutritive value. The swollen, white, 
starchy portion of the leaf is eaten. 

ASPARAGUS (Asparagus officinalis) (Liliacee). Not grown in the 
lowlands of the tropics; but very large amounts of tinned asparagus 
are imported as a luxury food. 

CABBAGE AND MUSTARD leaves (Brassica spp) (Crucifere). These 
are the most important of the leaf vegetables in use everywhere except 
in some tropical territories. The cabbage (Brassica oleracee) has been 
ennobled to many varieties and so altered in one or two of its des- 
cendants that some botanists give them specific rank. Many varieties 
of Brassica growing in temperate and sub-temperate climates cannot 
be cultivated satisfactorily within the tropics except in the hills. These 
varieties are :— 


B. oleracee v capita . Cabbage in many varieties. 
B. oleracew vy gemmifera . Brussel sprouts. 

B. oleracee v botrytis . Cauliflower. 

B. oleracee y italica . . Sprouting broccoli. 

B. oleracee v acephala 2 ukvale, 

B. oleracee v gongyloides . Kohlrabi. 


The Chinese are expert cultivators in the tropics of the Brassica 
group of vegetables; there is much that can be learnt from them 


16—2 
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which would be of great benefit in many tropical territories. C. X. 
Furtado and R. E. Holtum 3 refer to five Brassicas under Cantonese 
names which are extensively and successively grown by Chinese in 
Singapore, a city at sea level and near the equator. 


(1) Wong Ngah Pak (Brassica chinensis v pekinensis). This Chinese 
cabbage may be seen in quantity in all Malayan markets. It 
resembles a large blanched cos lettuce. One character is that the 
basal leaf stalks and fimbriated leaves are clasped firmly together. 

(2) Pak Choy (Brassica chinensis). The stem is white and expands 
abruptly into an almost circular fan-like blade. The stalk divides 
into a number of raised white ribs, radiating into the leaf blade. 
Pak Choy is commonly used in Chinese soups. 

(3) Kai Lan (Brassica alboglabra). Chinese kale. The leaves are 
blue green in colour; there is no heart. The leaves, oval in shape, 
are carried on long stalks. This vegetable is sold in the market 
as bunches of leaves and pale yellow flowers. 

(4) Kai Choy (Brassica juncea). Indian mustard. Malay sawi- 
sawi. This race of the mustard plant has large dark green broad 
leaves with pale stems and ribs. The leaves have toothed edges 
and are continued to the base of the stalks. This is a popular 
vegetable particularly in its pickled or salted form. 

(5) Choy Sam (Brassica rapa). Spinach mustard. The leaf stalk is 
long and green with a rounded untoothed blade. The leaf descends 
upon the stalk, becoming very narrow as it reaches the base. 


The seeds of these five Brassicas are imported from China and the 
plants are grown on raised beds of low-lying fertile soil. Organic 
manures are used to force rapid growth. 

ENDIVE (Cichorium endivia) (Composite). The Batavian broad- 
leaved variety can be grown with success in the lowlands of the tropics. 

Lettuce (Lactuca sativa) and Indian Lettuce (Lactuca Indica) 
(Composite) are grown with success by the Chinese in the lowlands 
throughout South-East Asia. 

MUSTARD AND Cress (Brassica alba and Lepidium sativum) of the 
family crucifere. 


Leaves without Appropriate English Names 


AMARANTHUS (A. gangeticus, A. viridis and A. spinosus) (Amaran- 
thacee). India, sirrw-keerai, keerai, lal-sag, Ceylon tampala, Malaya 


* Malay Agric, Hort, Mag., 9, 47. 
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Tews 


Allerton 


Centella asiatica. 


Amaranthus viridis. * 





‘ 


Trianthema monogyna. 


Fic. 36. 
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bayam. Species of this genus are used as a vegetable throughout 
the tropics. It may be collected as it grows wild; some varieties are 
cultivated by Indians and Chinese. In many parts it is a very common 
vegetable. 

BASELLA (B. rubra) (Chenopodiacee). Basil, Ceylon spinach. 
Tamil, pasali-keerai. Chinese, pu-tin-choi. A climbing herb with 
glossy smooth leaves and stems. It has red or green foliage. It is a 
bland mucilaginous leaf when boiled. 

CELOSEA CRISTATA (Amaranthacee). Used as a vegetable in India, 
Indonesia and West Indies. C. argentea, “‘ Cockscomb,” is also used 
occasionally. 

CENTELLA (HyDROCOTYLE) ASIATICA (Umbellifere). This common 
weed is used as a vegetable throughout South-East Africa. Many 
remedial powers have been attributed to it. 

CHRYSANTHEMUM CORONARIUM (Composite). The Chinese use the 
seedling when about 8 in. high as a vegetable. 

COCHLEARIA OFFICINALIS (Crucifer@). This is not a tropical plant, 
it is the noted “ scurvy grass’ of the days of the sailing ships. 

CORCHORUS OLIToRIUSs and other species (C. @stuans and C. capsularis) 
(Tiliacee). Jute, Jews mallow. India, singin janarcka, peratti- 
keerai, parinta. Egypt, melokhia. China, oimoa. South America, 
Carruru de Bahia. The tender leaves have been widely used. 

GYNANDROPSIS PENTAPHYLLA (Capparidace@) is used in West Africa. 

Hibiscus SABDARIFFA (Malvacee). Rozelle, red sorrel. The leaves 
of this and other species are used in parts of Africa and South-East 
Asia including India. 

IPOM@A REPTANS (J. aquatica) (Convolvulacee). Water spinach, 
swamp cabbage, kangkong. Tamil, vallai-keerai. China, ung choi. 
This is a very common leaf vegetable of high repute in many Eastern 
countries. The plant resembles the sweet potato but no tubers are 
formed. It is found wild and also is cultivated. There are three forms: 

(1) The aquatic form in swamps or rice fields. 

(2) A dry land form grown by Chinese gardeners in heaped ridges 
in the same manner as the sweet potato is grown. 

(3) A third form, an annual, is grown from seeds (the form (1) and 
(2) are grown from cuttings). It is considered the best of the 
three forms. 

LAGENARIA LEUCANTHA. The calabash, the bottle gourd. The 


leaves of Lagenaria and some other members of the family Cucurbi- 
tace@ are used as a vegetable. 
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LAsSIA SPINOSUS (Arace@). A marsh plant found in Ceylon, India 
and Malaya, the stalks and the young leaves are used. 

MorINGA OLEIFERA (Moringacee). The drumstick tree, horse- 
radish tree, Ben oil tree. Found wild in Northern India and now 
cultivated throughout the tropics. The leaves, flowers, long pods 
are used as vegetables, and the roots are a substitute for horse-radish. 
This tree grows up to about 25 ft. in height. It is a familiar wayside 
tree in many parts of Ceylon and South India, where there is a long 
dry season. The fern-like leaves and the dangling pods, growing up 
to 18 in. in length, are characteristic. The leaves and pods are 
in some villages the only vegetables available throughout the dry 
season. 

PANDANUS (Pandanacee). The young leaves of one or other species 
of screw pine may be the only fresh vegetable food used in some 
Pacific islands where coconuts and fish are the staple articles of diet. 

RAPHANUsS SATIVUS (Crucifer@). The leaves of the radish are used 
as a vegetable. 

SAUROPUS ANDROGYNUS (Euphorbiaceew). Chekur manis. A favourite 
leaf vegetable in Malaya. It must be grown under swampy conditions. 
The leaves are rich in calcium. 

SESBANIA GRANDIFLORA (Leguminose). West Indian pea tree. 
Tamil, agathi. This and other members of the genus are found through- 
out the tropics. The leaves, flowers and immature pods are all used. 
This tree grows to a height of 25 ft. and is common in Tamil gardens, 
where it serves the double purpose of supplying shade to pepper vines 
and other plants and is a standby for fresh leaves. 

TALINUM TRIANGULARE (Portulacacee). This is an American plant 
which has become wild in South India, Ceylon, Malaya, Java and the 
Philippines and is now used as a vegetable. 

TETRAGONIA EXPANSIA (Aizoacee). New Zealand “ spinach.” 
Grown in tropical hill stations. Probably the only contribution to the 
world of an edible plant from the antipodes. A very good vegetable. 

TRIANTHEMA Monocyna (Portulacacea). A leaf vegetable of Ceylon 


and Southern India. 


Shoots 


BAMBUSA (Gramineae). The tender shoots of species of various 
genera of bamboos are used boiled as a vegetable in many tropical 
countries or made into sweet meats. Other common genera are 


Dendrocalamus and Phyllostachys. 
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FILICINE. FERNS. The coiled shoots of ferns of many genera are 
occasionally used as vegetables. 

DRACANA MANNII (Liliacew). West African asparagus bush. The 
young shoots are eaten by Africans and acceptable to Europeans. 

PALM CABBAGES. The terminal bud (or “ cabbage ”’ as it is called) 
in the centre of a palm tree is relished as a luxury in most tropical 
territories. But as the palm must be destroyed to obtain the 
““cabbage”’ it is obviously an expensive and not a common vegetable. 
The coconut, talipot and many other palm trees can supply an excellent 
cabbage, but this vegetable is usually obtained from less valuable 
palms, such as Oncosperma tigillaria and Areca spp in Indonesia, and 
the Carnauba palm (Copernicia spp) or palms of Roystonea, Oreodoxa 
and Enterpe genera in West Indies and tropical America. 

PALMYRA SHOOTS (Borassus flabellifera). In India, Ceylon and the 
Celebes the seeds of this palm are germinated and the tender shoots 
are eaten, or the developing plant may be extracted from the shell 
before it has burst. 


VEGETABLE OF THE FAMILY CUCURBITACEZ (GOURDS 
AND PUMPKINS) 


(For analyses see Table LXV, p. 408.) 


With few exceptions the large gourd-like vegetables of the family 
Cucurbitacee contain more than 90 per cent. of water and have prac- 
tically no values for energy or repair. Also see melons (p. 267). Four 
in common use—the calabash (bottle gourd) (Lagenaria vulgaris), the 
ash gourd (Benicasa hispida), the cucumber (Cucumis sativis) and the 
vegetable marrow (Cucurbita pepo)—have very little food values of 
any kind. They are relished, however, for their demulcent effects, 
especially with hot curries, or in the case of some varieties of cucumber, 
as a pleasant addition to salads. These four vegetables are dear to the 
hearts of contractors selling vegetables to hospitals, prisons and 
other institutions, because they are cheap to grow, keep moderately 
well, are convenient to handle, and above all, “‘ weigh heavily ’’; 
they should be excluded from contracts or allowed only in limited 
amounts. 

Cucumis sativus. Cucumber. The European long, dark green, 
tapering ended salad cucumber does not grow in the tropical lowlands. 
There are several varieties of this plant which will grow under most 
tropical conditions. The fruit is usually under a foot in length and 
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3 or 4 in. broad; the colour is light mottle green, or various shades of 
mottled brown, one variety has uniform reddish brown fruits; another 
variety is sometimes called the apple cucumber because the fruits, 
about the size of a large apple, are nearly as broad as they are long. 

Cucurbita pepo. Marrows and pumpkins. There is much confusion 
between the pumpkins, marrows and squashes, not only in respect of 
the species but also in the use of the names. The fruit stalk of C. pepo 
is hard and deeply furrowed when mature and not enlarged at its 
junction with the fruit. The fruits vary in size, shape and colour, 
in shape they are much longer than broad and are not lobed. 

Cucurbita moschata. Chinese pumpkins, Mush melon. This is the 
commonest tropical species of this genus. The fruit stalk is deeply 
ridged and much enlarged at the junction with the fruit, which may 
resemble the fruit of C. pepo except for this enlargement. Other 
forms are ridged into lobes and may be squat-shaped fruit as broad 
or broader than long. The colour is a dark green, blotched or mottled 
with yellow, becoming yellow or brown on ripening. The colour of the 
flesh ranges from pale yellow to dark orange. It is rich in carotene. 

Cucurbita maxima. Squash, Hubbard, marblehead squashes, 
giant pumpkin (up to 300 Ib. in weight). The fruit stalk soft and spongy 
not prominently enlarged at junction with the fruit. This isan American 
plant best suited to sub-temperate regions, and does not thrive in 
tropical lowlands. 

Luffa. Two species: L. cylindrica and L. acutangula. The former 
is smooth, resembling a cucumber, and the latter is olive green, with 
about ten deep narrow ridges running the length of the fruit to converge 
at each end. 

Momordica charantia. Bitter gourd. The small variety is more 
bitter than the large varieties. The gourd is characterized by the 
skin having numerous smooth ridges and tubercles. 

Trichosanthes anguina. Snake gourd. This is a popular tropical 
vegetable. It is well named, being narrow and more than a yard long. 
The colour is mottled shiny green or dull white. The plant is usually 
grown to climb over a horizontal trellis work raised about 5 ft. above 
the ground. When each fruit is a few inches long a small stone is 
attached as a weight to the end, so that it will grow straight downwards, 
hanging from the trellis. . 

Sicania odorifera. A tropical American orange red, aromatic 
fruit used as a vegetable. 

Sechium edule. Chocha, chayote. The vegetable was found in 
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cultivation in South America at the time of Columbus. The pale 
or dull green fruits are lobulated vertically, and roughly pear shaped, 
they are about 6 in. by 4 in. in size, they contain a large seed, some 
races are covered with soft spines. They are grown in the West Indies 
and South America. 


VEGETABLE FRUITS 
(For analyses see Table LXVI, p. 410.) 
The fruits used as vegetables can be placed roughly into three 





BREAO FRUITS. 
Fic. 37. 


categories: (1) starchy fruits, having values similar to the starchy 
tubers; (2) leguminous pods; and (3) fruits of somewhat similar value 
to the dessert fruits. 


Starchy Fruits 


BREAD FRuIt (Artocarpus communis or A. incisa) (Urticacee). This 
noted tree of the Pacific islands is now a familiar sight in all es of 
the tropics where there is a heavy rainfall. It is easily recognized by 
its large leaves and giant fruits hanging at the ends of boughs (Fig. 37) 
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It is pulped and fermented to form one of the “ pois ”’ of some Pacific 
islands. Although widely used as a vegetable in season in many coun- 
tries, it has nowhere become a staple article of diet. There are wild 
species of this genus, the fruits of which are occasionally used. 

JAK Fruit (Artocarpus integrifolia or A. heterophyllus or A. integra). 
The fruit growing from the trunk and larger boughs easily distinguishes 
this tree from the bread-fruit tree. The fruit may grow to an enormous 
size, one of 110 lb. having been recorded. Two parts of the fruit are 
eaten, the pulp, which is yellow and contains carotene, and the seeds, 
which are large with a nutty flavour. 

THE PLANTAIN (Musa paradisiaca) (Musacee). In many parts of 
the world the plantain and banana are used as synonyms. There is 
reason for this because in the selective development of hundreds of 
varieties of the plant the distinction between the two is not obvious, 
even to botanists. It is convenient, however, to separate the two. 
Plantains being fruits which are used unripe as a cooked vegetable, 
and bananas being dessert fruits. The former will be considered 
under M. paradisiaca, and the latter under M. sapientum, although the 
specific rank is doubtful. The vegetable consists of the unripe fruits 
boiled or roasted after the most fibrous outer coats of the peel have 
been removed. Plantains may be cut up, dried and made into a flour. 
For this purpose the fruit must be unripe, when it contains much 
starch, before it has ripened to form sugar. Much use is made of 
plantain or banana flour in many tropical countries, particularly in 
Uganda and the wet tropics of South America. When used as a staple 
article of diet it needs reinforcement with protein food, i.e. meat or fish. 


Leguminous Pods 

The unripe pods of many leguminous plants are used as boiled 
vegetables. The commonest are from numerous varieties of P. vulgaris 
and V. sinensis (see p. 228). They are among the best of all vegetables 
in variety and amount of nutrients. 


Other Vegetable Fruits 

AvocAbo PEAR (Persea americana) (Lauracee). This plant of 
American origin may be considered either as a vegetable or a dessert 
fruit. All varieties of the fruit are rich in fats, which range from 10 to 
27 per cent., and gives the “ pear” its oleaginous flavour. 


Drumsticks (Moringa oleifera) (see p. 247). 
EGG PLANT, AUBERGINE, BRINJAL (Solanum melongena) (Solanace@). 
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A native of South-East Asia, it has become one of the commonest 
garden vegetables of the tropics. The fruit, globe-shaped or elongated, 
may be of various colours, white or dark purple being the commonest. 

LADY’s FINGERS, OKRA, BANDAKKA, GOMBO (Hibiscus (Abelmoschus) 
esculentus) (Malvacee). This is a common garden plant, a woody 
herb bearing large yellow flowers. The vegetable is cut when imma- 
ture, it has long tapering angulate green pods, 5 or 6 in. in length. 
The pods contain soft, white or light brown seeds. The pods are very 
mucilaginous when boiled. They may be preferred cut up into sections 
and fried. In Egypt the pods are dried, ground up and mixed with 
maize or millet flour for the preparation of porridge or cakes. In 
West Africa the pods are sun dried and kept for future use. 

TOMATO (Lycopersicum esculentum) (Solanacee). Love apple. This 
plant, of South American origin, is now grown in all parts of the world. 
The fruit has become a valuable addition to the diets of many tropical 
races. It is eaten both in the green and ripe state. It has outstanding 
values in vitamins. 


FLOWERS 

MADHUCA (BASSIA) LONGIFOLIA and M™M. latifolia (Sapotacee). 
Illipe butter tree. These trees are an example of many trees which 
supply edible flowers in due season. In the case of Madhuca the fallen 
flowers are swept up, used to sweeten food, for the extraction of sugar 
or the preparation of a fermented liquor. The Madhuca trees flourish 
in Northern India. 

MUSA PARADISIACA (Musacee). The large purple plantain buds are 
used as a boiled vegetable throughout the tropics. The buds from 
species of wild Musa are also used. 


FARINACEOUS SEEDS—NUTS 
NUTS AND SEEDS USED FOR OIL, EXTRACTION 


(1) Palm Nuts and Oils. 
(2) Other Oil Seeds and Nuts. 


(For analyses see Table LX Vil ps4 l2s) 


Farinaceous Seeds 


AMARANTHUS. Seeds of A. gangeticus are occasionally used in India 


and China. They contain 62 per cent. of carbohydrates and 6 per cent. 
of fat. 
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BUCKWHEAT (Fagopyrum esculentum) (Polygonacee). Grown in 
Central Asia and the hills of Java. Not a tropical plant. The flour 
made into gruel is used by the Chinese as an invalid food. 

Lotus SEEDS (Nelumbrum spp and Nymphea spp) (Nymphacee). 
The seeds of several species of these two genera are used in India and 
Africa when there is a shortage of cereals. 


Nuts 


The word nut is used for a great variety of seeds larger than cereal 
grains, and having hard shells. These seeds from many botanical 
families have something in common nutritionally in that they are rich 
in fats, and much of the carbohydrate is unavailable, being in the form 
of pentosans and other substances not digestible to form sugars. 
Hence, like the pulses, they are relatively indigestible. Chestnuts are 
to some extent an exception because they are not particularly rich 
in fats. 

BraziL Nut (Bertholletia excelsa) (Myrtaceae). This is well known 
as a dessert nut, but in Brazil most of the nuts are used for the extrac- 
tion of an edible oil. 

CasHew Nut (Anacardium occidentale) (Anacardacee). This tree 
of West Indian origin, so well adapted to tropical conditions, has been 
planted to such an extent that the nut is by far the commonest dessert 
nut in use in most tropical countries. It has become self-propagating 
in many secondary jungles of South-East Asia. The nut, 1} in. long 
with greyish, hard, smooth shell, hangs below a thick fleshy yellow 
stalk about 2 in. in diameter. (This curious fruit-like stalk, though 
very rich in vitamin C, is so acrid as to be almost inedible. It is some- 
times stewed after being soaked in salt water.) 

CHESTNUTS (Castanea sativa) (Fagacee). The Spanish chestnut 
does not grow under tropical conditions. There are, however, a 
number of species of the allied genus Castanopsis, which produce 
edible chestnuts in South-East Asia. The nuts of some species closely 
resemble those of Castanea. The fruits of Castanopsis may be des- 
cribed as cups tuberculated, or covered thickly with spines, and 
enclosing one to four nuts. The nuts of some species of Castanopsis 
are poisonous. . 

Kenarr Nur (Canarium commune) (Burseracee). The kenari nut, 
or tropical almond tree, apparently originated in Indonesia, and is 
now grown in many tropical countries. The trees are large with leaves 
up to 18 in, in length; the fruit, 14-2 in, by }-1} in., faintly three- 
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angled, is at first green and turns a dull dark purple on ripening. 
The fruit contains a stone resembling an almond. Another species 
is the Pili-nut (C. ovatum) of the Philippine Islands, which is grown on 
a large scale. The kernels of these nuts contain up to 70 per cent. oil 
and are not only used as a dessert fruit and in confectionery, but also 
the oil is extracted and used for cooking. 

Oxart Nut (Terminalia kernbachii) (Combretacee). Okari is the 
name given to this nut in Papua. The Singapore almond is from 
T. catappa. The nuts are about the size of the kenari nut; the fruits 
are flat, pointed, narrowly flanged round the edge, green, becoming 
yellow or pinkish yellow. This nut is also called sea almond, Indian 
almond and ketapang in Malaya. 

PIsTACHIO NuT (Pistacia vera) (Anacardacee). Not truly tropical. 
It is grown in the Mediterranean area, East Asia and Mexico. 


NuTS AND SEEDS USED FOR OIL EXTRACTION 


The world production of edible oil extracted from oil seeds grown in 
the principal producing countries has been estimated as follows:— 


Average 
1934-38, 
Field crops: (in 1,000 tons) 
Groundnut (Arachis hypogee) : e2 LS 
Cottonseed (Gossypium spp) : : 4 PAINEY 
Soya bean (Glycine max) . , : - 1,648 
Rapeseed (Brassica spp). : : 2 Alef 
Sesame (Sesamum indicum). . : : 654 
Sunflower (Helianthus annuus) . : F 608 
Tree crops: 
Coconut (Cocos nucifera) . ; , act 
Palm (Eleis guineensis) ; : : : 949 
Olive (Olea Europea) : : : - 841 


As a village industry or in domestic practice a large, but unestimated, 
quantity of oil is extracted from a various assortment of seeds and nuts 
throughout the tropics. The following is a list of the more important 
oil seeds and nuts in local use:— 


Palm Nuts and Oils 


Foods and beverages in great variety are obtained from species of 
the palm family (Palmacee). Many fruits, such as dates, may enter 
largely into the diets of some peoples (see p. 261); sago is extracted 
as a fecula from the trunk of several species (see p. 197): the central 
bud supplies palm “‘ cabbage,” a luxury vegetable (see p. 248); sugar 
and sweet or alcoholic beverages are obtained from the sap, which 


ROOTS AND TUBERS, LEAVES, GOURDS, ETC. 255 


flows freely when the spathe or crown of the trunk is tapped (see pp. 
257 and 281); but, above all, tropical populations as a whole consume 
more oil from palm nuts—including coconut oil and red palm oil— 
than oil from the seeds of any other botanical family. 

BABASSU (see Coquilla nut (p. 257) ). 

CocoNutT (Cocos nucifera). This most notable of all tropical palms 
originated somewhere in the far eastern tropics of the old world. 
The fruit consists of a thick husk of many layers of tough fibre (coir 
fibre) and within this is a hard shell forming the covering over the 
kernel within which is a cavity containing half a pint of sweet water 
(4 per cent. sugar). The unhusked nut is buoyant and the husk and 
shell protect the kernel from sea water, thus it may be carried by sea 
currents and washed up on some distant shore to germinate. No 
doubt the coconut reached many sea islands in this way, and there 
flourished, for it grows well in the neighbourhood of beaches. Marco 
Polo may have been the first European to see coconuts, he was certainly 
the first to mention them in unmistakable terms. When he returned 
by sea from China at the end of the thirteenth century, during his 
voyage of three years he saw this palm on many occasions, he mentions 
them as growing in the Sundas, the Andamans and on the Malabar 
coast of India: ‘‘ The size of a man’s head, containing an edible sub- 
stance that is sweet and pleasant to taste and white as milk. The cavity 
of the pulp is filled with a liquor clear as water... .” * He correctly 
stated the size of the unhusked nut; but it was received during his 
life with incredulity. 

It appears that the coconut tree had reached the New World before 
the time of Columbus, because it is described in the sixteenth century 
as well established on the south-west coast of Mexico. 

The vast areas of land under coconut palms at the present time have 
been planted by man for the large world trade in copra and oil. Copra 
is the kernel split in half and dried in the sun. 

The weight of the whole nut after husking is about 23 times the 
weight of the kernel (see Appendix X, p. 444). 

The percentage composition of the kernels varies considerably, 
depending on the degree of maturity of the nut, the soil on which the 
trees are growing, the season of the year and other factors. They 
contain 30-50 per cent. of moisture, 30-45 per cent. of oil, about 
14 per cent. of carbohydrates and 4-5 per cent. of nitrogenous matter. 
Much of the carbohydrate consists of pentosans and dextrines, only 


4 M. Komroff: ‘‘ Travels of Marco Polo,” pages 277, 281 and 305. 
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about 4 per cent. is available, and the nitrogenous matter is not all 
protein. The content of indigestible fibre is high, being 3-4 per cent. 
Coconuts have small value as a source of vitamins. 

The oil has a low iodine number of about 9, which means that it 
contains very little unsaturated fatty acids. This and its lack of vita- 
min A value makes it of low nutritive value even among vegetable 
oils. Those who are unaccustomed to food cooked with coconut oil 
find the flavour somewhat objectionable. 

Coconut Milk. This is the commonest preparation of the kernel 
in Eastern tropics. It must not be mistaken for the sweet water in 
the cavity of the kernel, which is sometimes used as a beverage. The 
milk is prepared by grating the fresh kernel and massaging and squeez- 
ing it into a little water; it is economical to do this with the grated 
nut three times and then mix the three lots of extracts. The emulsion 
has a similar appearance to cows’ milk. It contains 70 per cent. 
of the solids of the grated coconut, including 84 per cent. of the oil. 
The discarded refuse contains about 16 per cent. of the oil of the 
grated kernel and all the indigestible fibrous material (see Table LX VU, 
p. 412). In other words, coconut milk is an emulsion of the oil in a 
digestible form, the other constituents are relatively unimportant. 

Coconut milk is the basis of many of the curries of the East; chillies 
and a selection of numerous condiments are seethed in it to form the 
spiced and aromatic fluids of curries (see p. 271). 

The well-known “ gula malacca” of the East consists of sago, 
coconut milk and syrup usually made with palm sugar. 

Coconut milk has not been satisfactorily prepared from desiccated 
coconut because, although 63 per cent. of the solids, including 93 per 
cent. of the oil, can be got into the emulsion, yet it tends to separate 
on cooking, leaving oil floating on the surface. Probably the use of 
an emulsifying substance would overcome this. 

Grated Coconut is used in various preparations. When it is mixed 
with lime juice, onions, garlic, chillies and other condiments the 
preparations are called sambols. These are used with curries or as a 
stimulating relish when the meal consists of some tasteless preparation 
of a cereal. Rice hoppers with sambol is a common breakfast in 
South India and Ceylon. 

COHUNE Nut Olt (Attalea cohune). This palm is a native of the 
American tropics. The nuts are used locally and also exported from 
British Honduras and other territories. The fibrous outer layers of 


the nut contain 10-20 per cent. of oil, which is of a different nature to 
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that of the kernels which contain 65-70 per cent. The shells are so 
hard that a special machine has been invented to crack them. 

CoquiILLA Nut Ott (Afttalea funifera). Coquite nut of Brazil. The 
exported kernel is called coco babassu or coco basaba. 

Gru-GRU OIL (Acrocomia slerocarpa). An oil in use in the West 
Indies. A. totai and other species extend from the West Indies to the 
Argentine; this is the Corozo palm of Porto Rico. The nuts are 
about | in. in diameter and constructed like a coconut. 

PALM OIL. See red palm oil. 

PALMITO OIL (Euterpe oleracea). Pinot. This and other species of 
Euterpe yield oil in Brazil and other countries of tropical America. 

PATAWA OIL (Qenocarpus spp) of tropical America. 

Rep PALM Ol (El@is guineensis). After the coconut this is by far 
the most prolific oil-bearing palm. There are many forests and plan- 
tations of these palms in West Africa, where the negros have used the oil 
for cooking from time immemorial. The nuts are about 2 in. in length, 
the skin becomes very dark on ripening; beneath it is a yellow pulp 
covering the hard shell containing the kernel. Two kinds of oils are 
extracted: (a) a bright yellow oil, rich in carotene, from the pulp which 
contains on an average 50 per cent. of oil; (b) a lighter coloured oil 
from the kernels which usually contain a little less than 50 per cent. of 
oil. The oil from the pulp has been extolled because of its vitamin A 
values (40 to 80 thousand I.U. per 100 gm.). There are a number of 
varieties of the palm having seeds varying in the amount of oil they 
contain. There are plantations of E. guineensis in Malaya and parts 
of Indonesia. There are other species of El@is; the South American 
plant is E. melanococca, it bears bright red fruits from which oil is 
obtained. These palms have also been extensively used for toddy 
(see p. 281). 

Tucum Nut O1 (Astrocaryum spp). Tucan nut, panama nut, 
guere-palm nut, murumuru; under these names the kernels of several 
species of this South American genus of palms appear in the trade. 
The oil yield is 40 per cent. of the kernels. There are two kinds of oil, 
as with Eleis, one from the pericarp and one from the kernel. Other 
names in local use are “‘ arawa” and “ akuyuro ” of British Guiana 
and other countries. 


Other Oil Seeds and Nuts 
BAoBAB O1L (Adansonia digitata) (Malvace@). The fruit of this 
giant African tree is sometimes used for oil extraction. 


17 
T.N.D. 
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BEN Om (Moringa oleifera) (Moringacee). The seeds, as removed 
from the ripe pods, contain 22 to 38 per cent. of oil. It is an excellent 
salad oil. 

BENNISEED OF NIGERIA. See Sesame. 

Butrer Nut (Caryocar nuciferum) (Ternstremiacea). Souari-nuts, 
Pequia nut. A very tall tree of the northern parts of South America. 
Its large fruits contain one to four nuts with a reddish hard shell. The 
Pequia nut of the Amazon Valley comes from C. villosum. 

The term butter-nut is used for various nuts in different parts of the 
world. 

BUTTER AND TALLOW Nut (Pentadesma butyraceum) (Guttifere). 
Black mango tree, kamoot (Sierra Leone), lamy (French West Africa), 
mgoumi (Congo), Kanya. A common tree in many parts of northern 
West Africa. The seeds contain 40 per cent. of oil. 

COTTON SEED OIL (Gossypium spp) (Malvacee). An oil produced in 
enormous quantities; the best qualities being used for food. 

DikA Butter (/rvingia gabonensis) (Simarubacee). A tree of West 
Africa, the seeds are eaten or an edible fat is extracted. The fat has 
been used in Europe as a good substitute for cacao butter. 

Doumori BuTTER (Dumoria heckeli) (Sapotacee). Oil used in 
French West Africa. 

GALAM Butter. See Illipe butter. 

GINGELLY OIL. See Sesame. 

ILLiPpE BuTTER (Madhuca (Bassia) latifolia). Mahua or Mowra. 
A tree of Northern India. Illipe butter is much used as a substitute 
for ghee. The flowers of the tree are rich in honey, and are used for 
sweetening food or making sugar. 

‘“ ISOPTERA ”’ (Dipterocarpacee). The seeds of several species of 
this genus are used in East Indian territories for the extraction of oils. 
Tungakawang fat of Malaya and Borneo is an example. 

KAPOK OIL (Ceiba pentandra) (Malvaceae). This Asiatic tree, and 
its American cousin C. occidentale, are widely cultivated for the floss 
within the large pods. An oil is extracted from the seeds; it closely 
resembles cotton seed oil and may be used for the same purposes. 

KOKAM BUTTER (Garcinia indica) (Guttifera). The seeds of this 
species and others are used for the extraction of an edible oil. 

KURDEE OIL. See Safflower. 

MusTarD OIL (Brassica spp) (Crucifere). Rape oil (Colza oil), 
The seeds of various species of Brassica are used for the extraction of 
oil. The commonest edible oil for India as a whole is mustard oil. 
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which is generally obtained from the seeds of a special variety of 
B. juncea grown for its oil. (The mixing of mustard seed with the seed 
of the prickly poppy is the cause of endemic dropsy (see p. 376).) 

OysTER Nut (Telfairia pedata) (Cucurbitacee). The kernel is used 
in African villages; it contains 48 per cent. oil. 

PeguiA Nut. See Butter nut. 

PHALWA (Diploknema butyracea) (Sapotacee). This is an Indian oil. 
Species of this genus occur from India to the Philippines and at least 
two are used for oil. The seeds contain from 60 to 67 per cent of oil. 

Poppy SEEDS (Papaver somniferum) (Papaveracee). Where much of 
this plant is grown the seeds are collected to be used more or less as 
a condiment, or for the extraction of an edible oil. The seeds do not 
contain alkaloids. 

QUEENSLAND Nut (Macadamia ternifolia) (Proteacee). This North 
Australian tree is grown in Java and Hawaii for the nut of excellent 
flavour and contains 76 per cent. of colourless oil. 

RAPE SEED. See Mustard seed. 

SAFFLOWER (Carthamus tinctorius) (Composite). This plant was 
cultivated in Egypt in very early times for the yellow dye from the 
flowers and oil from the seeds. The dye has ceased to be of much 
value, but the oil is produced in considerable quantities in India. The 
seeds contain from 15 to 30 per cent. of oil. The edible oil must be 
prepared by cold pressure, heat darkens it. 

SapucAyA Nut (Lecythis spp). Nuts are supplied from several 
species of the genus. The forests of Brazil and Guiana are the principal 
source of supply. The nuts are of a good flavour. The oil obtained 
from them is clear, colourless and tasteless. 

SESAME (Sesamum orientale) (Pedaliacee), benniseed, gingelly, 
sim-sim, til. This is the species grown in Asia; the African species is 
S. radiatum. This is one of the great oil seeds of the world. It was 
grown in Egypt in the thirteenth century B.c. The great demand for 
sesame oil is shown by the records of the Assyrians who demanded it in 
the tribute from their vassals. There are black, red and yellow-seeded 
races. The seeds contain from 44 to 57 per cent. of-oik Ehc oil 
contains carotene and therefore has vitamin A values. 

SHEA Butter (Butyrospermum parkit) (Sapotacee). A common 
West African oil seed. The tree, sometimes given specific rank, occurs 
in East Africa. 

Souari Nut. See Butter nut. 

Trea SEED OIL (Camellia spp) (Ternstremiacee). An edible oil is 
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obtained from the seeds of tea plants, they contain from 17 to 40 per 


cent. of oil. 
TELFAIRIA. See Oyster nut. 


DESSERT FRUITS 
(For analyses see Table LXVIII, p. 414) 


There are far more edible fruits in tropical than in temperate 
countries, yet the great majority of them are not very pleasant, being 
eaten only by those living in rural areas, and are not seen in the markets 
of the large towns, where the fruits for sale are confined to a large 
extent to those which have become accepted throughout the tropics. 
Bananas, papaw and citrus fruits are the most universal, followed by 
the pineapple, mango, rambutan, sapodilla, species of annona and 
a few other fruits when in season. 

A ripe fruit is usually sweet because the starches have been changed 
to sugar as the fruit ripens. 

The banana and a few other fruits have considerable substantive 
food value, stated in terms of calories; but the value of many fruits 
is mainly in respect of vitamins and organic acids. 

Most fruits have good amounts of ascorbic acid. The citrus fruits 
are noted for this. Yet there are several common tropical fruits which 
have more ascorbic acid than any citrus fruit, among these are the 
guava, the Indian gooseberry (Emblica officinalis) and the fruit of the 
cashew nut; these fruits are not liked by many people, and those 
growing in some localities are used to a small extent or not at all; 
this is unimportant where a sufficiency of ascorbic acid is obtained from 
other sources. 

The mango, papaw, persimmon and other yellow fruits contain 
carotene to a vitamin A value up to about 1,200 L.U. per oz. 

The important organic acids of fruits are citric and malic, which are 
free or in combination with potash. These acids are oxidized in the 
body to carbonates, which help to maintain the alkalinity of the blood 
and reduce the acidity of the urine. (For caloric value of organic 
acids, see p. 398.) Some fruits, such as cranberries, prunes, and prob- 
ably a number of tropical fruits, contain benzoic acid, which is excreted 
as hippuric acid, and increases the acidity of the urine. Tartaric acid 
is partly broken up by the bacteria of the intestines and partly excreted 
unchanged. 

It has been shown experimentally with rats that citric acid and 
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potassium citrate in the proportion present in citrus fruits increase 
the retention of calcium and improve growth; but there are other 
substances in fruit juice which have a similar effect. It is desirable 
that children should always receive fruit in their diets. 

Dried Fruits. Dates, Chinese dates and prunes in the dried state 
contain from 2 to 5 per cent. of protein and about 40 per cent. of 
available carbohydrates, mainly sugars. They are rich in carotene 
and fairly rich in vitamin B,. Dates grown in the oases of the deserts 
of Asia and Africa are a main article of diet among some Arab tribes. 
A Bedouin, who takes 1 lb. of dates and a pint of fermented camels’ 
milk is making an adequate and well-balanced meal of about 900 
calories. 


AFRICAN MAMMEE APPLE (Ochrocarpus africanus) (Guttifere). West 
coast fruit. 

AKEE Fruit (Blighia sapinda) (Sapindacee). This West African 
fruit has attracted much attention since it has been grown in Jamaica, 
because of an illness, often fatal, which has followed its consumption 
tsee Po 319). 

BaEL Fruit (42gle marmelos) (Rutacee). Bel-Fruit. Fruit large 
(3-5 in.) with smooth dull green or grey fibrous rind; it has eight to 
fifteen cavities filled with thick, sweet, aromatic, orange-coloured pulp 
and many seeds. The strained juice has a reputation for the treatment 
of bowel disorders. 

BANANA (Musa sapientum) (Musacee). This giant herb originated 
from the Indo-Malaysian area, where many wild species are found. 
There are a large number of races of bananas and for convenience 
they are grouped under one species, and the numerous races of plan- 
tains eaten as a vegetable under another, M. paradisiaca. More 
bananas are grown in the tropics than any other fruit; and it has far 
more substantive food value than other fruits; a desiccated powder 
of the fruit contains more than 80 per cent. carbohydrate, 4-6 per cent. 
protein and 2 per cent. fats. 

BATOKA PLuM. See Flacourtia. 

BEL Fruit. See Bael Fruit. 

BELL AppLe. See under Grenadilla. 

Biimat (Averrhea bilimbi) (Oxalidacea). Of Malaysian origin. 
Fruit green, like small cucumbers, very acid. Another fruit of this 
genus is the CARAMBOLA (A. carambola); the fruits ripen yellow 
3 to 4 in. in length and flanged so that they are star shaped in section. 
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BLoop PLum (Hematostaphis Barteri) (Anacardiacee). A West 
African fruit, crimson in colour and hanging in cluster like grapes. 

BLUEBERRY. Fruits resembling the blueberries (Vaccinum) of 
northern climates are often referred to under this name. The berry 
of Conastegia xalapensis (Melastomacee), often seen in the markets 
of Central America, is an example. 

BuLLock’s Heart (Annona reticulata) (Annonacee). There are 
three well-known species (and others less well known) of tropical 
American origin of the genus Annona. They are: Bullock’s heart, 
sour sop (A. muricata) and sweet sop (A. squamosa) (custard apple). 
They were among the first fruit trees of the New World to be dissemi- 
nated by the early navigators. The fruit of Bullock’s heart is heart- 
shaped, 3-44 in. wide, dull grey-brown, evenly tuberculated: sour sop 
is a larger fruit, green in colour, irregular in shape and covered with 
soft spines; sweet sop is a light greyish green fruit with easily separated 
segments. The edible portion of these fruits is the soft white sweet 
pulp in which many seeds are embedded. 

BUTTER-FRuIT. See Persimmon. 

CacTus Fruits (Cactacee). The fruits of a large number of genera 
of cactacee are consumed in season by the natives of the drier parts of 
the Central Americas. Among these is Opuntia, having fruits called 
tunas or prickly pears. During the season tunas became almost a 
staple article of diet of the people of certain localities in Mexico. The 
fruit may be dried and pressed into cakes called ‘‘ queso de tuna”; 
a syrup, called “* pliel de tuna,” is prepared from the fruit; and bever- 
ages are made. The Mexican Indians use the fruit and make meal. 
from the seeds of many other cactuses; among these are species of 
the genera Lemaireocereus, Macherocereus, Carnegiea, Mystillocactus 
and Ferocactus. The importation of members of the cactus family to 
other parts of the world has on more than one occasion had dire 
results, as in the case of the Opuntia taken to Australia, where they 
flourished at the expense of the local pastures, and must be controlled 
at high cost. 

Caimito (Chrysophyllum cainito) (Sapotacee). Star apple. This 
tropical American fruit is the size of an apple, smooth and green, 
turning white or purple, according to variety, with flesh of the same 
colour, seeds large, dark brown. The fruits of this genus are called 
“star apples”? because the core is star-like in transverse sections. 
Caimito is a West Indian name. 

CANISTEL. See Sapote. 
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CAPE GOOSEBERRY (Physalis peruviana) (Solanaceae). An American 
plant brought by the Portuguese to South Africa, it received the name 
Cape gooseberry when it was taken to Australia. A dry season is 
required for the ripening of the fruit. The fruit, about 1 in. across the 
base, is triangulate and covered with a dry papery lantern-like husk. 

CARAMBOLA. See under Bilimbi. 

CASHEW FRuIT. The nut is of primary importance, the fruit second- 
ary (see p. 253). 

CHICOMAMEY. See Sapote. 

CHIKU. See Sapodilla. 

CHINESE DATE. See Jujube (Indian). 

Citrus FRuits (Citrus spp) (Rutacew). These are of old world 
origin and have been cultivated in the sub-tropical climates of the 
Near East for centuries. Selection has adapted various races to 
different climatic conditions, but the best oranges are grown in sub- 
temperate climates; the lime is the most tropical of the genus. All 
have good values in ascorbic acid (25-50 mg. per 100 gm.) and in 
citric acid 5-8 per cent.). 

(a) Citron (C. medica). This is thick skinned with very acid fruit 
not very well known except in the Near East and Mediterranean 
countries. The word “ citron’? has been used to include lemons 
and limes. 

(b) Grape Fruit (C. paradisi). This is of uncertain origin, it may be 
a hybrid of the shaddock. It is a fruit with increasing popularity. 

(c) Kumquat (C. japonica). As grown by the Chinese it is a small 
round deep orange fruit, which may be eaten, seed and all, or 
made into conserves with sugar. 

(d) Lemon (C. limon). This yellow fruit of characteristic shape is 
grown in large quantities in the countries of the Mediterranean; 
it is not a common fruit in the tropics, where in most localities 
the climate is more suitable for the lime. A close ally is the sour 
Canton lemon, C. /emonia, which has a globose fruit, a shape not 
associated by Europeans with lemons. 

(e) Lime (C. aurantifolia). Found throughout the tropics. There 
are plantations in the West Indies for the production of lime juice 
cordial or the preparation of citric acid. 

(f) Mandarin Orange or Tangerine Orange (C. nobilis). There are 

“a number of races of this Chinese cultigen grown in tropical 


countries. 
(g) Orange, Sweet Orange (C. sinensis). There are a number of 
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races of this common fruit among these are: Blood, Jaffa, Joppa, 
Valencia and Washington Navel. 

(h) Pomelo or Shaddock (C. maxima). A native of Indo-China or 
Malaysia where there are wild races (or species) with large fibrous 
fruits too acid to be eaten. The cultivated pomelo was taken to 
the West Indies by a man named Shaddock, a master of a 
trading vessel; hence the West Indian name. Some races have 
enormous fruits the “size of a man’s head” but the fruit is 
usually much smaller, though still the largest of the citrus fruits. 
The rind is thick and tough and with the best varieties easily 
separated from the unpigmented or pink flesh, which can be readily 
divided into segments. 

(i) Sour Orange, Seville Orange (C. aurantium). This sour and 
bitter orange is grown in south European countries mainly for 
the production of marmalade. It is grown in the West Indies 
and the Philippines. The Calamondin Orange (C. mitis), a native 
of the Philippines, is also used for making marmalade; it has 
small, globose acid fruits. 

Cocoa PLuM (Chrysobalanus icaco) (Rosacea). West and Central 

Africa; resembles a Victoria plum. 

CUSTARD APPLE. See Bullock’s heart. 

DwurRIAN (Durio zibethinus) (Malvacee). This large fruit of Malay- 
sian origin is noted for its rank fetid odour, and a reputation as an 
aphrodisiac; that it has the latter property is doubtful. The fruits 
are ovoid or spherical, and vary in size; an average ovoid fruit is 
about 9 in. by 6 in., the rind is hard brownish green, covered with 
stout sharp spines. The fruits fall to the ground when ripe and must 
ve eaten soon or they dehisce into five pieces. The durian is a wild 
fruit and in season attracts many jungle animals from elephants to 
monkeys. 

Ecc Fruit. See Sapote. 

Fics (Ficus carica) (Urticace@). is the common fig of Europe. There 
are a large number of members of the fig genus which have more or 
less edible fruits. Among these are F. benghalensis, the Banyan tree, 
the fruits are occasionally eaten and are searched for in times of food 
scarcity in India. Other species are F. roxburghi and F. ulmifolia of 
the Philippines. 

** FLACOURTIA ” (Flacourtacee). The fruits of F. indica and several 
others are eaten in the Indo-Malaysian region. F. Ramoutchi supplies 
the Batoko plum (Zambesi) or Madagascar plum. 
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GINGER BREAD PLUM (Parinarum macrophyllum) (Rosacea) of the 
Guinea Coast of Africa. 

‘“ GNETUM” (G. edule) (Gnetacee) and other species supply fruits 
and seeds in some parts of Malaysia. 

GOOSEBERRY. See Indian gooseberry. 

GraPES (Vitis vinifera) (Ampelidacee). The grape vine of the old 
world does not flourish in the tropical lowlands. There are several 
wild species of vines in the tropics which have edible though unattrac- 
tive fruit. Possibly one or other of these might be ennobled in a short 
period of time, as has been done with two American species, V. mon- 
soniana, the mustang grape, and V. rotundifolia, the muscadine, which 
also have been grown with some success in the Philippines. 

GRAPE FRuIT. See Citrus fruits. 

GRANADILLA. See Passion fruit. 

GREY PLUM (Parinarum excelsum) (Rosace@) of the Guinea Coast of 
Africa. 

GUuAVA (Psidium guajava) (Myrtacee). This plant of the American 
tropics was carried at an early date to the warm countries of the Old 
World, where there is a considerable rainfall. In some countries it has 
run wild and reverted to a type bearing small hard fruit of little value. 
Possibly it was first taken by the Spaniards to the Philippines. The 
fruit is oblong or spherical, usually 13-23 in. in size, but there are 
cultivated varieties with relatively enormous fruit, such as those of 
South Africa. In ripening the fruit becomes yellow and fragrant. 
It is one of the richest fruits in ascorbic acid. 

Hoc PLum (Spondias spp) (Anacardacee). There are a number of 
fruit trees of this genus both of the Old and New World. Among 
these are S. cytherea, the Otaheita apple of the Eastern Pacific, 
S. pinnata, the common hog plum of Indo-Malaysia region; S. mombin 
the Spanish plum, and S. /utea, the hog plum of the West Indies are 
of New World origin; S. tuberosa, of Brazil, is considered by some to 
be the best of a number of not very seductive fruits. The fruit is 
oblong or globate up to 2 in. long. It has a parchment like skin 
ripening to yellow. 

Ico (Ximenia americana) (Olacea). Osere (Lagos), mountain plum, 
wild olive, alimu (Sudan). A tree of the African tropics. The fruit 
has the size and shape of an olive (1 in.), it has a thin yellow or orange 
skin covering a greenish firm flesh; it is very acid. 

INDIAN GOOSEBERRY (Emblica officinalis) (Euphorbiacee). Emblic, 


malacca tree. A common tree in South-East Asia. The fruit, as the 
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name indicates, somewhat resemble a gooseberry, size varies }-13 in., 
ripening to translucent greenish yellow, firm flesh. Rich in ascorbic 
acid. It may be used as an acid relish with curries. 

JamMBU (Eugenia spp) (Myrtacee). Rose apple, Malay apple. 
A large number of trees of this genus produce edible fruits. The two 
commonest of the Indo-Malaysian region are E. aquea and E. jambos. 
The fruit, about the size of an apple, is glistening white, yellowish or 
pink with white pithy flesh. 

Jususe (Indian) (Zizyphus jujuba) (Rhamnacee). Chinese date. 
Probably of Indian origin. A very common tree in Southern China, 
Burma and other parts of South-East Asia where there is a dry season. 
It is a small thorny tree with drooping twigs. More than 300 races 
are stated to be in cultivation by the Chinese. The fruits vary in size 
from that of an olive to a hen’s egg, green, ripening to yellow, orange 
or brown. The fruits are eaten fresh, or preserved—dry (dates) or in 
syrup. There is a large export trade of “‘ dates ’ from Southern China. 
A number of other species of the genus produce edible fruit, including 
Z. vulgaris of Egypt. 

KARAUNDA (Carissa curandas) (Apocynacee). A thorny scrub 
cultivated in India for its pink-white fruits. 

KumaquatT. See Citrus fruits. 

LANGSAT (Lansium domesticum) (Meliacee). Duku. There are 
wild trees throughout Malaysia with fruit of little value because they 
contain an acrid latex; the fruit of the cultivated varieties, called duku, 
free themselves from latex as they ripen. The fruit is globate or 
oblong, 3-2 in. wide, ripening to yellow, buff or brown, with five seeds 
in a sweet white pulp. 

LicHeée. See under Rambutan. 

Lime. See Citrus fruits. 

LIME Berry (Triphasia trifolia) (Rutacee). A thorny bush, possibly 
of Chinese origin, widely cultivated in the East; it is not known in the 
wild state. It is less in favour than formerly, since the introduction 
of many exotic fruit trees. The berry is 4 in. long, green, ripening to 
dull orange and finally dull red. It is slimy with resinous taste. Usually 
made into conserves with syrup. 

Loquat (Eriobotrya japonica) (Rosacee). An important fruit tree 
of Japan; will grow in sub-tropical countries and in the hills in the 
tropics. 

MABOLO. See Persimmon. 

MALAY APPLE. See Jambu. 
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MANGO (Mangifera indica) (Anacardacee). This cultivated tree of 
Northern India is now grown throughout the tropics of the world. 
It does best where there is a dry season at the time of fruiting. There 
are many varieties, and the best of them are propagated by grafting. 
The fruit is variable in size (3 in. to 6 in.) and shape, the colour is green, 
becoming yellow or orange when ripe. The flesh of a good mango is 
dark yellow or orange, firmly soft and nearly free from fibre, the stone 
is small and flat. The fruit of many trees has very fibrous flesh, often 
tasting of turpentine. There are many wild species of this genus, but 
the fruits are fibrous and unpleasant in flavour. 

MANGOSTEEN (Garcinia mangostana) (Guttifera). This fruit of 
Indian origin is about the size of an apple. It has a thick dark purple 
rind covering a sweet white pulp arranged in four to seven wedges, 
each containing a seed. The rind contains much tannin and acrid 
matter. This is considered by some to have the most delicate flavour 
of all tropical fruits. There are wild species with more or less edible 
fruit. 

MARMALADE FRuIT. See Sapote. 

MELONS. The cantaloupe (Cucumis melo) (Cucurbitacee). The 
term musk melon is used for this fruit and also for the vegetable, 
C. moschata (see p. 249). The cantaloupe grows well in the drier 
parts of Africa, but not in the tropics where there is heavy rainfall. 
It contains 90 per cent. or more of water. The seeds contain 30 per cent. 
of oil and are edible. The WATER MELON (Citrullus vulgaris) (Cucur- 
bitacee) is of African origin, it was cultivated in early Egyptian times. 
It grows well in the tropics where there is a dry season. These large 
round or oblong gourds have white, yellow or bright pink flesh with 
white, brown, red or black seeds. Some races are grown mainly for 
the seeds, the kernels of which contain 20-40 per cent. of oil and 
20 per cent. of protein. The Chinese and other races chew the seeds 
as snacks, as in some countries sunflower seeds or peanuts are chewed. 

MILK AppLe. See Sapodilla. 

Monkey AppLe. See Bullock’s heart. 

NASEBERRY. See Sapodilla. 

OpuntTIA. See Cactus fruits. 

ORANGE. See Citrus fruits. 

OTAHEITE APPLE. See under Hog plum. . 

Patm Fruits. The date (Phenix dactylifera), carnouba fruit 
(Copernicia cerifera) and fruits of species of Zalacca, and other palms 
of the New and Old World may be considered more or less dessert 
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fruits. But with few exceptions the fruits of palms are more of the 
nature of oil nuts and are dealt with under that heading (see p. 254). 

‘““ PANDANUS ” (Pandanacee). The fruit roughly resembles a pine- 
apple, and in some species is a brilliant orange red when ripe. There 
is not much edible matter in the fruit which is only used—such as by 
Pacific islanders and Aboriginal Australians—when better fruit is 
unobtainable. Among the species having edible fruit are: P. edulis of 
Madagascar, P. houlletii and P. conoideus of Malaysia, P. tectorius of 
the Marshall Islands and P. /eram of the Nicobars. 

Papaw (Carica papaya) (Caricacee). Papaya. This herb-like tree 
was brought from the Central American tropics to the Eastern tropics 
by the Spaniards towards the end of the sixteenth century. So well 
is it adapted to a variety of hot climatic conditions that, with the 
exception of the banana, it has become the commonest fruit in use. 
The large green or yellow gourd-like fruit has dark yellow, orange or 
red sweet edible pulp, and five rows of black seeds. The fruit is rich 
in ascorbic acid and carotene. The tree is also grown on a plantation 
scale for the papain of commerce, a substance containing much pro- 
teolytic enzyme. Papain is the dried latex from the skin of the fruit, 
obtained by scratching the unripe fruit with a piece of glass or bone 
knife (steel discolours the product) whilst it is on the tree, the flowing 
latex is collected and dried. The flesh of the ripe fruit does not contain 
proteolytic enzymes. 

PARCHITA. See Passion fruit. 

PASSION FRuiT (Passiflora quadrangularis) (Passifloracee). Grana- 
dilla, parchita, pomme d’or, Jamaica honeysuckle, bell apple, water 
lemon. There are several species of these tropical American vines; 
P. edule, a passion fruit of Southern Brazil, and P. lauriflora, of the 
West Indies, are two common species. The fruit is about the size of 
an apple; it is purple or greenish yellow when ripe, with a parchment- 
like skin often wrinkled; the pulp is rose scented, watery, and in 
some cases a little mucilaginous; in the pulp are small brittle shelled 
seeds. In many parts they are luxury fruits, often used for fruit juice 
drinks. 

PERSIMMON (Diospyros kaki) (Ebenacee). A small tree, native of 
North-Eastern India. This is a common fruit of China and Japan. 
It is grown in the hills of Java. The ripe fruit somewhat resembles a 
tomato, being red with large green calyx on the base. The flesh is 
orange red. There are races with yellow fruits. A Philippine species, 
D. discolor, is called mabolo and butter fruit. There are several 
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races with large purplish red or copper-coloured fruit. The tree is also 
grown in several Indo-Malaysian territories. 

PINEAPPLE (Ananas comosus, A. sativus) (Bromeliacee). Of South 
American origin. Many races have been developed by selective 
cultivation. 

PLANTAIN. See Banana and under Vegetable fruits (p. 251). 

POMEGRANATE (Punica granatum) (Panicacee). This plant has been 
cultivated in Egypt and Persia for ages past. It is not suited to the 
hot wet lowlands of the tropics. 

PoMELO. See Citrus fruits. 

POMME D’OR. See under Passion fruit. 

RAMBUTAN (Nephelium lappaceum) (Sapindacee). A common tree 
in the East, easily recognized when bearing clusters of red fruits 
dangling from long stalks. The fruit, about 13 in. in diameter, have 
red skins densely set with soft spines; the skins can be readily peeled 
from the sweet white mucilaginous pulp which surrounds a hard seed. 
Its ally, the lichee (NV. /itchi) has a buff knobby surface, it is grown in 
large quantities in Southern China, where there is an export trade in 
the dried edible pulp. There are other species of Nephelium with more 
or less edible fruits. 

Rose AppLe. See Jambu 

SAPODILLA (Achras zapota) (Sapotacee). Naseberry, chiku, milk 
apple. The tree originated from South Mexico or Central America. 
The fruits (24 in. to 34 in.) are round or oblong, dull brown with a 
potato-like appearance; the flesh pinkish-white to reddish-brown, 
is very sweet when ripe, when unripe it is unpleasant from much latex; 
within the flesh are black, flattened, hard, shiny seeds. Chicle gum, 
one of the constituents of American chewing gum, is obtained from 
latex tapped from the trunk of the trees or extracted from the unripe 
fruits. There are large plantations in Mexico for the supply of this gum. 

SAPOTE (Lucuma (Calocarpum) mammosa) (Sapotacee). Marma- 
lade fruit, chicomamey. A large tree of tropical America; the fruit 
is soft, of a salmon colour, and very sweet with no acidity. L. nervosa, 
canistel, ti-essa, egg fruit of the West Indies. The fruit is 2 in. to 3 in. 
long, with bright orange flesh, sweet and cloying in taste. 

SEVILLE ORANGE. See Citrus fruits. 

SHADDOCK. See Citrus fruits. 

SpANISH PLUM. See under Hog plum. 

STAR APPLE. See Caimito. 

Sweet Sop. See under Bullock’s heart. 
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Tree Tomato (Cyphomandra betacea) (Solanacee). Of American 
origin, is grown successfully in the hills in the Philippines and Java. 

VOA-VANGA Fruit (Vangueria edulis) (Rubiacee). A common tree 
in Madagascar, also found in Eastern Africa. 

WATER LEMON. See under Passion fruit. 

West INDIAN CHERRY (Malpighia punicifolia). Has been reported ° 
to contain 1,707—2,963 mg. of ascorbic acid per 100 gm. of edible 
material. From this it is one of the richest known sources of ascorbic 
acid. A number of species of this genus have edible fruit. 

Woop ApPLE (Feronia limonia) (Rutacee). Occurs wild in parts of 
South-East Asia where there is a dry season. The fruit is large (3 in. 
to 5 in.) with thick woody rind of grey scurfy surface, the cavity is 
filled with pulp and seeds. The wood apple has a distant resemblance 
to the bael fruit. 

5 Science (1946), 103, 219. 


CHAPTER XIII 


CONDIMENTS, SPICES AND BEVERAGES 
(See Table LXIX, p. 418.) 


THE words condiments and spices are more or less synonymous, 
although the former is more often used as regards the seasoning of 
the main meals of the day, and the latter to the “ spicing” of cakes 
and sweet meats. When in the year 1497 King Don Manuel I of 
Portugal fitted out four vessels and ordered Vasco da Gama “ to make 
discoveries and go in search of spices’ he was thinking in terms of 
condiments or what in India and many other tropical countries are 
to-day called ‘‘ curry stuffs.” To discover spices was second only to 
the finding of gold among the urges which sent off Columbus and the 
other navigators of the fifteenth and sixteenth centuries. Why the 
craving in Europe for spices appears to have been far greater in those 
days than at the present time has not been fully explained. A similar 
craving exists to-day in the tropical countries of Asia; and although 
the races of Africa have condiments they use them to far less 
extent. 

In India and other parts of the East a liquid preparation of condi- 
ments is called a curry, and one of fairly solid consistency is called a 
sambol. The basis of most curries is an emulsion of grated coconut 
called coconut milk; chillies and other condiments are cooked in this 
milk. A common sambol consists of garlic, chilli and grated 
coconut. 

The condiments have little food value in terms of proteins and 
carbohydrates, but some of them increase the vitamins of the diet. 
Almost all condiments contain essential oil, and the amounts of these 
and other constituents which have flavours, odours, or stimulating 
action are given in Table LXIX, p. 418, for the more common con- 
diments in use. 

The condiments may be considered under three headings: the 
effects on taste and smell; the definite values; and the abuses 
of them. 

(1) The Effects on Taste and Smell. The labouring classes use few 
condiments; the dried chilli is usually pre-eminent among them; 
but the curries of the wealthier classes may contain a bewildering 
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assortment of condiments to fascinate jaded appetites. The ingredients 
of even the simpler curries produce various effects on taste and smell. 
The alkaloids of the chillies and peppers cause a sensation usually 
called hot; the essential oils produce an aroma and pungency; some 
gum resins and other substances are bitter; tamarind, limes and 
maybe vinegar give an acid relish; and asafetida, fenugreek and 
fragments of dried decayed fish supply a foetor pleasing to many.* 
There are other sensations from curries which are not easily described. 
Many of the constituents of curry stuffs, acting on the mucosa of 
mouth and stomach, stimulate the flow of digestive juices. 

(2) Definite Values of Condiments. The labouring classes of the 
tropics must subsist on cheap, tasteless and monotonous diets, and these 
will undoubtedly give rise to anorexia unless the appetite is stimulated 
by the sting of chillies and peppers and the aroma and pungency of 
other condiments. 

Many of the condiments have a carminative effect and lessen flatu- 
lence which without them might arise from pulses and course vegetables. 
Rice stained yellow with turmeric is popularly credited with consider- 
able carminative properties. 

The amounts of vitamins supplied by condiments and other curry 
stuffs may be illustrated by the following example of a daily portion 
prescribed for the ordinary diets of an ‘‘ Eastern” hospital:— 


The daily portion per person consisted of :— 


Coconut kernel 4 oz Ginger. 0-1 dr. 
Red onions OSa- Pepper. 02a. 
Dried chillies. O:25e Tamarind eS eee 
Garlic . 1-4 dr.? Goraka : Wd 0) 5. 
Curry leaves . 0:2 ar. Maldive fish 2:5 
Screw pine leaves . 0-2 ,, Mustard ]-43 
Lemon grass . Oza Cinnamon Osim 
Turmeric 0-4 ,, : Dill seed s/s 
Coriander Sige Lime juice 5 ml. 
Cummin seed 3-0 


This daily portion of curry stuffs contains about 100 units of vitamin A 
and about 9 mg. of vitamin C. 


(3) Abuses of Condiments. The use of curries and sambols is greatly 
abused in many countries of the East. Diabetes and cirrhosis of the 
liver are very prevalent among people who partake of curries and 


_* This may appear strange, but it has its counterpart in cosmetics, where the oily excre- 
tion from the preanal gland of the civet cat Paradoxurus) has a high market value as an 
ingredient in high dilution of perfumes and cosmetics, but the secretion as it comes from 
the civet has a disgusting and revolting stench. 

* Avoirdupois weights, 1 dr. = 2 gm. approx, 
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sambols at every meal. Cirrhosis attributable to dietary effects is 
dealt with on p. 163. 

Diabetes is not common among the labouring classes, but is very 
prevalent among the upper classes, this is especially the case among 
fairly prosperous tradesmen, and in some communities glycosuria 
is more often the rule than the exception among those who have passed 
middle age. The greater prevalence of diabetes among the well-off 
classes is due to a breakdown of the carbohydrate metabolism following 
the use of unnecessarily large quantities of farinaceous foods such as 
rice; this over-eating is usually brought about by the excessive use of 
condiments to flog jaded appetites; therefore indirectly condiments 
are a cause of diabetes. 

The condiments may be listed under the part of the plant from which 
they come: leaves, flowers, fruits (including seeds), bark, rhizomes 
and roots. Also there are fermented preparations such as sauces; 
and one or two insects are used as condiments. 


Leaves Used as Condiments 


A very large number of aromatic or bitter leaves are used for season- 
ing food; those commonly used in Indian curries are: curry leaves 
(Murrayi kenigii) (Ruttacee), screw pine leaves or rampay (Pandanus 
latifolium), and lemon grass or citronella grass (Cymbopogon citratis) 
(Gramine). The seeking of unusual flavour is exemplified in the use 
of the leaves and other parts of the American herb, Eryngium fetidum 
-(Umbellifere), much used in the West Indies and now grown in most 
parts of the tropics. All parts of the plant have the repulsive odour of 
bugs. 


Flowers 


Two well-known buds, used as condiments, are: capers, the pickled 
buds of Capparis spinosa, from a bush growing in the Mediterranean 
area and in North India; and Cloves, the dried buds of Eugenia 
aromatica (Myrtacee), a native of the Molucca Islands, but at the 
present time Zanzibar has 90 per cent. of the world’s trade. The 
colouring of food with yellow dyes was an ancient practice in Europe. 
Saffron was made from the yellow flowers of Crocus sativus; in the 
East the yellow safflower (Carthamus tinctorius) (Composite) is used for 
this purpose, but the yellow dye of turmeric is far more commonly used. 

Several flowers have fleshy acid calyses which are used as tart relishes ; 
the calyx of red sorrel (Hibiscus sabdariffa) (Malvace@) is an example. 


18 
T.N.D. 
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Fruits (Including Seeds) 

AFRICAN PEPPER. See under Pepper. 

ALLSPICE. See Pimento. 

Amomum. See under Cardamons. 

AnETHUM. See Dill. 

ANISE (Pimpinella anisum) (Umbellifere). Grown in Persia, Egypt 
and India, where it is occasionally used as a condiment. 

Caraway (Carum carui, C. copticum) (Umbellifere). Kimmel, 
omum. A plant of temperate climates grown in North India. 
Imported seed is found in use in most tropical countries for flavouring 
food. 

CARDAMOMS. Species of most genera of the ginger family Zingi- 
beracee have aromatic roots, seeds and seed capsules. These have 
been used as condiments from ancient times. At least as early as the 
fourth century B.c. these aromatic seeds were sold as kardamomon 
and amomon to the Greeks, the former being considered superior to 
the latter. The seeds with capsules came mainly from species of four 
genera—Elettaria, Amomum, Aframomum and Languas. One or other 
variety of Elettaria cardamomum growing in South India and Ceylon 
supply the best cardamoms, which are aromatic without being bitter 
like the cardamoms of most other species. Amomum subulatum yields 
the Greater Indian or Nepal cardamomum, and there are other species 
of Amomum yielding cardamoms in other Eastern countries. Aframo- 
mum, at least two species, supplies the Grains of Paradise of West 
Africa, and another species supplies the Korarima cardamom of East 
Africa. Languas galanga yields the Galangal cardamom. 

CAYENNE PEPPER. See Chilli. 

CHILLI (Capsicum spp) (Solanacee). Cayenne pepper, red pepper, 
Tabasco pepper, capsicum. This condiment had been cultivated in 
Central America for so long that there were many varieties in existence 
at the time of Columbus, who brought two of them to Europe. They 
were soon disseminated to the countries of the Mediterranean littoral, 
and from there reached India and further east. The use of chillies 
has revolutionized dietaries in some countries of South-East Asia. 
It is the main condiment in Indian curries and sambols (see p. 271). 
The chilli plants are generally considered to fall under two species. 
C. annum is an annual and one or other of its many varieties supply 
the main markets of the world with the familiar red, conical fruits of 
various sizes. C. frutescens is a perennial having small fruits some- 
times called little peppers or bird peppers. The active principle of 
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both species is capsaicin, it is not soluble in water but soluble in dilute 
alcohol, it is a potent irritant and even in considerable dilution it will 
blister the skin. There are varieties of chillies with giant fruits which are 
not very “hot” and are eaten as a green vegetable. Red pepper is 
the ground up dried fruit: it has wide uses in sauces, pickles and 
chutneys. The chilli is very rich in ascorbic acid. 

CORIANDER (Coriandrum sativum) (Umbellifere). Seeds have been 
found in Egyptian tombs of 960-800 B.c. It is grown on a large scale 
in parts of India, from where there is a considerable export trade with 
other parts of the East. 

CuMMIN (Cuminum cyminum) (Umbellifere). An annual herb, 
native of the Levant and of very ancient cultivation. It is not known 
in the wild state. After the chilli it is the commonest condiment in 
curries. Often seeds from two varieties of the plants are used in the 
same curry. The term black cummin is used for the seeds of Nigella 
sativa (Ranunculace@), also known as small fennel. 

Dit (Anethum graveoleus) (Umbellifere). The powered dried fruit 
is a common ingredient of curry powders. 

FENNEL (Feniculum vulgare) (Umbellifere). Of ancient cultivation 
in Egypt and the Levant, grown in Northern India and the hills of 
Java. The seeds are sold in the bazaars of the east among curry 
stuffs. 

FENUGREEK (Trigonella fenum-grecum) (Leguminose). The plant 
is cultivated in the Levant, Egypt, Western India and China, and the 
seeds are sold in the bazaars throughout the East. It is a highly scented 
condiment containing a non-poisonous alkaloid, cholin and an oily 
resin. 

Garoka (Garcinia spp) (Guttifere). Under this name the fruits of 
several species of Garcinia are used as acid and bitter condiments. 
The bitter substance is a gum resin. 

GRAINS OF PARADISE. See under Cardamoms. 

JAMAICA PEPPER. See under Pimento. 

Mace (Myristica fragrans) (Myristicacee). This spice consists of 
the aril arranged as a loose network over the nutmeg seed. It contains 
from 7 to 14 per cent. of a volatile oil similar to that in nutmeg. It is 
used as a curry stuff, also made into a candy with syrup. 

MUSTARD SEEDS (Brassica junce@) (Cruciferee). Indian mustard. 
There are a number of species or varieties supplying the mustard 
of the markets of the world, among these are B. alba, white mustard, 


and B. nigra, black mustard, the common table-mustard is derived 
18—2 
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from the latter. Mustard seeds contain glycosides and ferments 
which split up the glycosides into irritant oils and glucose. For 
instance, black mustard contains the glycoside sinigrin and the ferment 
myrosin. Under the influence of water the latter splits the former into 
allyl isothiocyanate (mustard oil, tear gas), potassium acid sulphate 
and glucose. The irritant oil of white mustard is not volatile. . 

PAPRIKA. See Chilli. 

PEPPER (Piper nigrum) (Piperacee). Black pepper and white pepper 
are both products of this plant, the difference being a matter of pre- 
paration. The peppers contain alkaloids and volatile oils and the 
pungency is due to a resin. Other species of this genus supply seeds 
or leaves as condiments; two other Asiatic species are Indian long 
pepper (P. /ongum) and Javanese or Dutch long pepper (P. retrofractum). 
P. betle supplies the common betel chewing leaf and P. methysticum 
the roots for “ kava,” the national beverage of the Pacific islands 
Indigenous peppers in other parts of the world, such as P. clusii of 
Africa and P. longifolium of America have been used. The word 
pepper has been applied to seeds from plants of other botanical 
families, for instance the seeds of Xylopia spp (Annonacee) are 
called African pepper, and the seeds of Zanthoxylum spp (Rutacea), 
Chinese pepper. 

STAR ANISE (//licium verum) (Winteracee) is sometimes used as a 
condiment. 

VANILLA (Vanilla planifolia) (Orchidacee). This and another 
orchid, V. pompona, supply the vanilla pods of commerce. It is a 
plant of the American tropics. 

PIMENTO (ALLSPICE) (Pimenta officinalis). Of South American 
origin. Contains 3-4 per cent. essential oils and a resin. 


Bark 


CINNAMON BARK (Cinnamonum zeylanicum) (Lauracee). The bark 
and other parts of the plants of many species of this genus of tropical 
Asia contain cinnamic aldehyde, most marked in C. zevlanicum and 
cassia bark, C. cassia; eugenol occurring in high percentage in C. 
culilawan and C. Javanicum, giving these species the scent of cloves; 
safrol giving C. parthenoxylon the odour of sassafras; and camphor, 
the world market having been supplied from more than one species. 
Those smelling of camphor are never used as spices, but many of the 
others are used with food in various parts of Southern Asia. 

MAssor BARK (Massoia aromatica) (Lauracee). A tree of New 
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Guinea. The bark is used in Indonesia as a substitute for cinnamon 
in flavouring food. 

WHITE CINNAM (Canella winterana) (Canellacee). A tree of tropical 
America. The bark is used as a spice. 


Rhizomes and Roots 


ASAFCETIDA (Ferula fetida) (Umbellifere). Native of Persia and 
Afghanistan. The roots are sold in the bazaars of the East among 
the curry stuffs. 

‘““ GINGER FAMILY” (Zingiberacew). The seeds of this botanical 
family have been loosely grouped under the heading ‘‘ Cardamoms ” 
(p. 274), but there is no word which will comprehend the aromatic 
and pungent rhizomes of different genera. The leaves, stems, fruits 
and rhizomes of a large number of species are occasionally used as a 
flavouring or other adjunct to food, the commonest of these in use 
are the rhizomes galangal, ginger, turmeric and zedoary. All of these 
contain aromatic essential oils, such as cineol, borneol, etc., pungent 
oleo-resins, and some of them a yellow pigment. 

GALANGAL (Languas (Alpinia) galanga). This is the most exten- 
sively used of all spices in Malay cooking. The plant is cultivated 
and also occurs semi-wild. It is used in India and Russia for flavouring 
spirits. 

GINGER (Zingiber officinale). This appears to have been the earliest 
oriental spice known to Europeans. The rhizome is used fresh or dried. 
The common confection consists of the peeled young rhizomes boiled 
in syrup. 

Horse RApDISsH (Cochlearia armoracea) (Crucifere). Imported into 
the tropics or grown in the hills. Another member of this genus was 
the famous scurvy grass (C. officinalis) of the old-time mariners. 

TuRMERIC (Curcuma longa). The rhizome contains a volatile oil, 
curcumone, and a yellow colouring matter, curcumin. It is used in at 
least three ways: (a) as a condiment, (b) to colour rice—a yellow 
preparation used for this purpose and supposed to have good 
carminative action is called ‘‘ Indian Saffron,” (c) a fecula (sago) is 
prepared from the rhizomes. 

ZEDOARY (Curcuma zedoaria). Used in conserves and in alcoholic 
bitter and liqueurs. Far less used than formerly. 


Onion Genus 
ALLIuM (Liliacee). All species of the genus Allium have some of 
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the properties of condiments. The characteristic scent is due to 
volatile oils containing sulphur, at one time considered to be allyl 
sulphide, but now the non-committal name allyl sulfuratum is 
used. 

Cuives (Allium odorum). Chinese chives and A. schenoprasum, 
European chives. They grow well in sub-tropical areas and in the hills, 
but not in the hot moist lowlands. 

Garuic (Allium sativum). Much is cultivated in Northern India. 
There is a very large trade throughout the tropics. The dry roots 
keep well. Garlic is used in almost all curries and sambols; its foetid, 
penetrating and persistent odour is appreciated by those who consume 
this condiment, but not by those who associate with them. 

Leek (Allium ampeloprasum). Cultivated in the drier parts of the 
tropics, it is used more as a vegetable than a condiment. 

ONION (Allium cepa). Spring onions are grown in most tropical 
countries; there is a large trade in the larger bulbs. 

SHALLOT (Allium ascalonicum). There is a large tropical trade in 
the shallot, which, after garlic, is the most favoured species of this 
genus. 


Fermented Preparations 


Fish. The use of fish in various stages of decomposition as a condi- 
ment is common throughout the East. The preparations are, in general, 
of two kinds: dried fish, Bombay duck and Maldive fish, the latter 
prepared from tuna, are used in small amounts in Indian curries; 
sauces, made from fish which have undergone decomposition to an 
extent that the proteins are completely decomposed; there are factories 
in Siam and other countries for the preparation of these sauces. 

Kechap or Sho-yu. Many sauces are made by the Chinese from 
fermented products of soya bean (see p. 226). 


Insects 


A few insects, including locusts and termites, are used occasionally 
as a Substantial food, and one or two insects are used in a few countries 
as condiments. Among these are Belostoma, a genus of water bugs 
(Hemiptera); the Annamese sometimes flavour their food with the 
whole insect or with certain glands extracted from it; the reaction 
of the glands is ammoniacal and contains the evil-smelling amyl- 
valerianate. Red ants (Gcophila smaragdina) are made into a paste 
as a condiment for curries in parts of India, Siam and Burma. 
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Vinegar 


Many kinds of vinegar are in use in the tropics, prepared from 
palm saps and other saccharine juices; they contain from 4 to 7 per 
cent. of acetic acid. 


Curry Powders 


There are preparations of powdered and bottle curry stuffs on the 
market. They lack the full aroma, spicy fragrance and flavour of 
freshly ground condiments; hence they are not much used in the 
East. The following are the constituents of a Bombay curry powder. 
(The yellow colour is due to turmeric.) 


Coriander seed . - 48 Cayenne pepper 3 
Madras turmeric . 24 Pimento 2 
Cinnamon . ‘ s Ale Black pepper 1 
Cummin seed b . 8 Long pepper. 1 
Cardamon seed . 4 Cloves 1 
Fenugreek seed . con 4. Nutmeg | 
Ginger ; eee: 


Other prescriptions are :— 
Campbell's Mixed Spice for Minced Meat :— 


Saigon cinnamon . eesz Mace . 4 
Allspice ? ; © ANS Ginger. : 2 
Zanzibar cloves . aes White pepper ] 
Nutmeg : : sts: 

Ragout spice:— 
Cloves : ‘ os al Pepper. : : 
Nutmeg ; : : | Sali. - : ~ ii 
Mace . ; : : I 

French sausage spice :— 
Allspice ; on | Coriander seed. 64 
Cloves , ; . 4 Nutmeg : ‘ aed 
Coriander . : a4 Ginger. : , ADA 

Kitchen spice for sauces, soups and gravies:— 
Black pepper ; > ake Nutmeg 2 
Ginger : : 5 pars) Aniseed 
Cloves . ‘ ome te Coriander 1 


BEVERAGES: TEA, COFFEE, COCOA, MATE 


Tea. The three important constituents of tea are tannin, caffeine 
and an essential oil. The aroma of tea is partly due to the essential 
oil. 

When Indian or Ceylon tea leaves are infused in the usual manner 
about 25 per cent. of the contents of the leaves go into solution, 
about 2:5 per cent. is caffeine, 7-5 per cent. tannin and the remaining 
15 per cent. consists of various extractives. There is somewhat less 
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soluble matter in China teas, and they contain a little less caffeine 
and nearly 2 per cent. less tannin. 

A large cup of tea (about 150 c.c. or } pint) made from 5 gm. (about 
1 oz.) of dried Indian leaf contains about 0-1 gm. (12 gr.) of caffeine 
and 0:3 gm. (44 gr.) of tannin. 

Caffeine is very soluble and most of it goes into solution in a few 
minutes after boiling water has been poured on the leaf; but the tannin 
is less soluble and there is about 20 per cent. more tannin in the hot 
water after it has remained on the leaves for 15 minutes than in hot 
water which has remained on the leaves for only 5 minutes. A second 
brew from tea leaves, even when it has a dark colour, contains very 
little caffeine and not much tannin. 

Coffee contains less caffeine and tannin than tea and the aroma is 
imparted to the beans when they are roasted because of the formation 
of a pungent oil called caffeol. A cup of coffee, however, contains 
much the same amount of caffeine and a little less tannin than a cup 
of tea, because more coffee is used than tea in making the beverage. 

Cocoa contains about 0-5 per cent. of caffeine and about three times 
as much (1-5 per cent.) of the closely related alkaloid theobromine. 
There is tannin in cocoa but it appears to be an inert form. 

Maté, also called Yerba, Paraguay tea or Jesuit tea, is prepared from 
the leaves of Ilex paraguayensis. This beverage is widely used on the 
South American continent. The leaves contain about 2 per cent. of 
caffeine and about 11 per cent. of tannin; also glycosides, choline 
and ethereal oils are present. 

Tea and coffee have a delaying effect on the digestive processes in 
the stomach, but this is unimportant to persons in normal health. 
Cocoa is the best beverage to those subject to dyspepsia, or for sick 
persons. 


Alcoholic Beverages 


The active constituents of alcoholic beverages is ethyl alcohol. 
It is produced by yeast during the fermentation of sugar according 
to the equation :— 

C.H,.0, — 2CO; + 2C,H,OH 
Sugar Alcohol 


Alcoholic liquors fall into five categories: beers, spirits, wines, 
fortified wines and strong liqueurs. The alcoholic contents and the 
caloric values of these are given in Table XLY. 
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TABLE XLV 
ee 
Alcohol Alcohol 
per cent. | Calories per cent. | Calories 
by per oz. by per oz. 
volume volume 
Beers: | Wines: 
Bottled beer ; Sale 11 Champagne 10-15 20-30 
English draught Burgundy . 10-13 20-26 
beer : P 5-0 10 Claret 10-13 20-26 
German beer 325 7 
= Wines fortified by the 
Spirits: addition of spirits: 
ated Sherry 
in Port ; 17-23 34-48 
Whisky Strong liqueurs 44-48 88-96 




















Beers vary considerably in the amounts of alcohol they contain 
and the figures given in Table XLV are rough averages. 


Toddy and Native Beers 


Toddy is the fermented sap of palm trees (see p. 254), and as usually 
drunk is a milky fluid due to suspended yeast and various bacteria. 
The alcoholic content is much the same as that of beer. Native beers 
are produced by the fermentation of millets or various other grains. 
Usually the grains are allowed to sprout before being prepared for 
fermentation. These preparations may be of dietary value, because 
they are not clarified and much yeast remains in them, and this may 
correct vitamin deficiencies in the local diets. The beers from sprouted 
grain are rich in vitamin C. 


Action of Alcohol 


Alcohol in moderate doses aids digestion because its irritant action 
stimulates the stomach; it increases the absorption of other substances; 
it does not interfere with the action of the digestive juices of the 
stomach. Almost all alcohol taken is absorbed from the stomach and 
therefore does not reach the intestines. In large intoxicating doses, 
however, some of the alcohol reaches the intestines, where it has an 
inhibitory action on tryptic digestion. 

After absorption, alcohol dilates the capillaries of the skin and this 
may induce sweating, in any case there is increased loss of heat; this 
may be partly counteracted by the fuel value of alcohol, heat being 
produced as it is burnt up in the body. But alcohol should never be 
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taken under the impression that it “ keeps out the cold,” for, indeed, 
it has the opposite effect. . 

The purple nose and cheeks of the drunkard are due to the continued 
stimulation of the capillaries of the skin, whereby new capillaries are 
produced, and both old and new become permanently dilated. The 
bloated appearance of heavy drinkers is partly due to the fat-sparing 
effects of alcohol; and partly to the retention of fluid in the subcu- 
taneous tissues. Also it may be considered a food to the extent that 
it supplies calories which otherwise must be supplied by carbohydrates 
and fats. 

Alcohol is a depressant of the brain and its first action is to cut out 
the highest psychic centres which have been trained through childhood 
and adolescence for the control of conduct. This removal of inhibitions 
makes the verities of life less apparent, dispels nervousness and 
encourages loquacity. But much that appears brilliant, when spoken 
or written under the influence of alcohol, on the morning of the next 
day turns to dust. The lower parts of the brain are depressed by 
alcohol taken in large quantities, and this leads to inco-ordinate 
movements; after very large amounts of alcohol a man may become 
truly “* paralytic drunk.” 

It is a very prevalent custom in the tropics for men and women 
to take alcoholic drinks in the early evening; these are commonly 
called “sundowners.”’ Provided these drinks are taken after the 
setting of the sun or at meals and are limited to three or four halfpegs 
of whisky (stingers, splits) or the equivalent in other beverages, we 
may agree with Matthew Arnold: ‘‘ Wine used in moderation seems 
to add to the agreeableness of life—for adults at any rate—and what- 
ever adds to the agreeableness of life adds to its resources and power.” 

Moderation is a relative term, and some men who lead active lives 
may be able to consume 4 or 5 oz. whisky daily without deleterious 
effect to their health, whilst others may enjoy the best health only when 
total abstainers. 

The frequent imbibing of pegs of spirit throughout the day is a 
pernicious habit which definitely shortens the span of life. 

Alcoholism is more frequent among Europeans in the tropics than 
in temperate climates, and men who take daily 3-14 bottles of whisky, 
or its equivalent, are not uncommon. On an average these men 
shorten their lives by 20 years, and die between the ages of 50 and 65; 


even the most robust, who might have an expectation of 90 years, 
do not reach the age of 70. — 


CHAPTER XIV 


FOOD OF ANIMAL ORIGIN: MISCELLANEOUS 
FOODSTUFFS 


Foops of animal origin may be considered under seven headings :— 
(1) Butcher’s meat. 
(2) Mammalian organs. 
(3) Birds. 
(4) Fish. 
(5) Shell fish—crustaceans, molluscs, insects. 
(6) Milk and milk products. 


(7) Eggs. 
BUTCHER’S MEAT 


(For analyses see Table LX X, p. 420) 
Meat 

Joints and cutlets of meat as purchased in the market consist of 
muscles and a variable amount of gristle and fat, depending on the 
part of the carcase from which the meat was cut and on the age 
and condition of the animal. 

The amount of fat in meat depends partly on the temperature in 
which the animal has been reared; the meat of cattle of the hot tropical 
lowlands is usually very lean, whereas that from the cooler highlands 
may have a fair amount of fat. The extremes in protein and fat of 
beef, mutton and pork are as follows :— 


Protein Fat 
gm. per oz. gm. per OZ. 
Beef : : f , 5-8 1-5-8 
Mutton or lam - : 4-8 2-11 
Pork : : . : 3-6 1-16 


The digestibility of meat may be determined by the amount of 
connective tissue (gristle, etc.) and the quantity of fat among the 
muscle fibres; thus pork is less digestible than beef or mutton, because 
fat among the muscle fibres delays the penetration of the digestive juices. 

Ham and bacon are more digestible than pork apparently because 
the fat becomes granular and evenly distributed during the process of 
curing. 

The meat of very fat animals, such as those of the Arctic climates 
or cattle fattened for the market, is not necessarily of low digestibility 

283 


284 TROPICAL NUTRITION AND DIETETICS 


because most of the fat is deposited subcutaneously, and being separated 
from the muscle fibres does not protect them from the digestive juices. 

Old animals are tough because the connective tissues increase and 
harden with age. The meat of young animals is not necessarily more 
tender than that of older animals, for instance, veal is less digestible 
than prime beef because it contains an abundance of soft connective 
tissue which is not easily masticated. 

When meat is cooked, whether by roasting or boiling, it shrinks 
and loses water to the extent of about one-fifth of its weight, hence, 
in equal quantities, cooked meat has more food value than raw meat. 
Moderate cooking improves the digestibility of meat, but overcooking 
impairs it. 

Meat has fair values in vitamin B (complex) and small values in 
vitamin A and C. 


MAMMALIAN ORGANS 


Mammalian organs include the heart, liver, kidneys, sweetbread, 
brain and intestines. 

The heart is somewhat denser in structure than skeletal muscles and 
therefore is less digestible, but it has a large reserve store of vitamins. 

Liver is very cellular with little connective tissue, and therefore 
contains much nucleo-protein. Its great value is that it is richer in 
vitamins than any other flesh. Well-strained soups made from finely 
minced liver are of value for treating the malnourished in hospitals, 
even when they have bowel disorders. 

Kidneys. These are cellular organs, and are particularly rich in 
vitamin B (complex). 

Sweetbreads. The two most commonly used are the throat sweet- 
bread or thymus of young animals, and the stomach sweetbread or 
pancreas; they are the most digestible of all meats. 

Brain. This consists largely of material containing cholesterol and 
lecithin. It is quickly digested but badly absorbed; about 43 per cent. 
of the products of the brain tissue appear in the feces. It is not a 
valuable food. 

Intestines and Stomach are commonly called tripe. They are valuable 
foodstuffs, easily digested and well absorbed. 


BIRDS 


The breast of birds which spend most of their time upon the ground 
and not continually using their wings is tender and digestible, far 
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more so than the meat of the legs; these birds include chicken, turkey, 
pheasant, grouse and partridge. The reverse is the case with migratory 
birds which spend much time upon the wing; the snipe and woodcock 
are examples of these. 

The water birds, such as duck and goose, are very fat compared 
with most land birds; their flesh contains from 15 to 30 per cent. of 
fat and therefore is not very digestible. 


FISH 
(For analyses see Table LX XI, p. 422) 


Fish have been divided into two groups: the fat and the lean. 
This is a loose, arbitary division because fish vary greatly at different 
seasons in the amount of fat they contain. Most fish of tropical 
waters do not contain as much fat as fish caught in cold climates. 
The eel (17 per cent. fat), the salmon (12 per cent.) and even the herring 
(9 per cent.) are very fat compared with tropical marine fish. Some 
freshwater fish particularly species of Ophiviephalus, occurring in dry 
zones, «stivate in small water holes, or even in dried mud when the 
main lake or stream has dried up, and these store up fat, which may 
reach 6-8 per cent. of the weight of the flesh just prior to the time of 
estivation. 

Sprats and Whitebait. Many small fish and the fry of many species 
of large fish are caught in large quantities in the seas and estuaries 
of the tropics. They contain 1-4 per cent. of fat and, what is more 
important, they supply a high percentage of calcium derived from the 
skeletal structures because the whole fish is consumed. In some coun- 
tries fresh and dried small fish are the most important source of calctum 
for growing children. 

Vitamins in Fish. Fish liver and body oils are very rich in vitamin A 
and D. The flesh contains fair amounts of the vitamin B complex 
(see Table LXXI), but very little ascorbic acid. 

Fish, Salted and Dried. Salted fish from temperate climates is 
sometimes sold in the tropics, an example of this is the salted ling 
fish (Urophycis) caught off Canada, which is imported in large 
quantities into the West Indian Islands. This appears astonishing, 
for although the tropical seas contain far less fish than those of the 
temperate climates, yet the fish collect in large numbers around all 
the islands of the sea. The composition of fish salted and dried by 
local fishermen varies greatly, no two samples are the same in the 
amount of salt and moisture they contain, the salt varies from 1} 
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to 5 per cent. or more and the moisture from about 10 to nearly 
55 per cent. Consequently it is very difficult to estimate the approxi- 
mate food value of any sample without analysis. The percentage of 
protein in dried fish varies from about 14 to 3 times the amount in 
the fish before it was dried. All dried fish, as found in the markets, 
have undergone some decomposition, which is obvious from the odour; 
yet most varieties seldom, if ever, give rise to gastro-intestinal distur- 
bances in those who are accustomed to consume them. 


SHELL FISH 


Vast heaps of shells, forming kitchen middens, have been left around 
the coasts of Europe by the populations of the later Stone Age. It 
appears that at some seasons in those times oysters, mussels, clams and 
other molluscs were almost the staple article of diet. Nowhere in the 
world are molluscs consumed to that extent at the present time. 

Oysters may be taken as the type for molluscs. The edible parts 
contain 8 per cent. protein, 4 per cent. carbohydrates mainly in the form 
of glycogen in the liver, and about 13 per cent. fat; therefore it follows 
that the food value of them is not high. In the raw state they are 
easily digested, but cooking renders them less digestible. They have 
good values in iron, iodine and particularly in copper. 

Land snails are seldom eaten in the East. But a number of species 
are eaten in Africa. One large African snail, Achatina fulica, has been 
introduced to all the warmer countries of Asia, and has multiplied 
in such numbers as to become a pest. It appears to be increasing as 
an article of diet. Numbers of them were consumed in the prison 
camps of Malaysia during the war. Opinions differ as to the digesti- 
bility of them. 

Lobsters, Prawns and Crabs (Crustaceans) have much the same food 
values; the edible flesh contains about 18 per cent. of protein, but the 
muscle fibres are coarse and long and hence are not very digestible. 
The vitamin value is low. They are very widely used in the coastal 
areas of the tropics, and prawns, fresh or dried, are a valuable addition 
to many low protein diets of the East. 

Crustaceans may be poisonous, either due to bacterial infection of 
the flesh after death, such as by organisms of the Salmonella group 
or poisons accumulated in the flesh during life; when the latter ota 
it is usually seasonal and probably the poisons come from food taken 
by the crustaceans. The poison of both these types give rise to gastro- 
enteritis. Many people, however, are immune, and in most cases it is 
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probably an immunity acquired by past experiences with small doses 
of the poisons, but some people appear to have an inherent immunity 
of an undefined nature (see Chapter XIX). 

CUTTLE FISH (Sepia spp) (molluscs of the class Cephalopoda). They 
are used in many countries, especially by the Chinese. Dried cuttle 
fish are sold in most market places of the East. They are tough to eat, 
needing much chewing. 

SEA SLucs (Holothurium), trepang, béche-de-mer. These are 
echinoderms and not molluscs as the name suggests. They are occa- 
sionally eaten in most parts of the world. The best kinds are a luxury 
food among the Chinese, and there is a large trade in them. 


INSECTS 


The two insects which are most commonly used as food are locusts 
(Locusta migratorioides), both in the half developed or hopper stage 
and as adults, and white ants, i.e. termites of various genera of the 
family /soptera, gathered usually when they are swarming. A number of 
grubs (larve) are used, including those in bee comb and cicada grubs. 
The beetles of the genus Rhynchophorus breed in the soft tissue of 
palms and the large succulent grubs are relished in several countries; 
they are the grugru worms of the West Indies. All grubs are rich in fat. 


MILK AND MILK PRODUCTS 
(For analyses see Table LX XII, p. 424) 


There are large numbers of the labouring classes in the tropics who 
seldom obtain milk either for their children or themselves. Cattle 
do not thrive as well in tropical lowlands as they do under temperate 
climates, and the cows are puny and the milk supply from them is 
small. Dr. M. Crawford studied the milk production from a popula- 
tion of 241,274 cows in Ceylon, a country which is at least as suitable 
for cattle as most other tropical countries and where much attention 
had been paid to animal husbandry for years past. He estimated that 
there should be available 14 million gallons of milk yearly apart from 
the requirements of the calves. This means that there could not be more 
than 1 oz. a day per head for the human population of nearly 6 million. 
There are uplands and mountainous areas, where stretches of grass- 
land, variously called patna, savanna or veldt, are available for cattle 
farming, but these are not sufficiently extensive in most countries to 
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supply milk for more than a small number of those living in the low- 
lands. The problem of transport might be solved by establishing 
milk factories in the hills to produce condensed or dehydrated milk. 
Something might be done, perhaps, with buffaloes, which give a richer 
milk than that of neat cattle and thrive better in the wet lowlands. 
But the prospects of supplying the children of many parts of the tropics 
with a few ounces of milk daily are very remote. It can be urged that 
theoretically no particular foodstuff is essential in any diet. There 
is no nutrient in milk that cannot be formed in other foods. Except 
for infants when there is failure of the mother’s milk, adequate diets 
without milk can be prescribed for children. 

Another point in respect of milk is that it is an excellent supplement 
to all staple articles of diet, therefore it is better to use it in combination 
with other foods than to drink it alone. It can be mixed into many 
preparations, porridge, breakfast cereals, sauces, stews, curries, cakes, 
puddings and sweets. Milk is a particularly good supplement of 
starchy roots, such as potatoes, a mash of boiled roots and milk makes 
a highly nutritious meal. Some children dislike milk but all will take 
it readily in most of the above-mentioned preparations (see p. 332). 


Composition of Milk 


This varies with the species of animal producing it, the percentages 
of proteins and minerals being more or less proportional to the rate 
of growth of the newborn during the period of suckling (see p. 39). 

The neat cow is the main producer of milk for human consumption 
in most countries, but considerable quantities of milk are obtained from 
other domestic animals in various parts of the world. In parts of 
Asia much milk comes from buffaloes, the goat is the principal source 
in some of the countries of the Mediterranean littoral; and in the 
desert and steppe countries of Africa and Asia both the camel and the 
mare contribute to the supply. The percentage composition of the 
milks of these species compared with human milk is as follows :— 


Milk Proteins Fats Carbohydrates Ash 
Human ; 1-2 Biey/ 7 0:2 
Mare 2:0 1:2 6 0-4 
Cow . : 333 3°5 5 0:7 
Camel : 4:0 3-0 6 0:8 
Goat. 40 4:0 5 0:8 
Buffalo 4°8 7:8 5 0:8 


The suckling receives no other food than milk until the time of 
weaning, but it does not follow that milk is a perfect food for growth, 
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because, for some obscure reason, probably chemical, Nature has 
failed to supply sufficient iron and copper in milk for the needs of the 
growing suckling. But Nature has corrected this failure by withdrawing 
quantities of these two necessities from the mother during the later 
months of gestation and placing them as reserves in the body of the 
developing young. The deficiencies of iron and copper must be taken 
into account when dealing with any diet composed mainly of milk, 
whether for invalids or children. 

Milk may be recommended in all diets, especially in those of children, 
because the proteins are of high biological value for supplementing 
other proteins and are easily digested; the fats are rich in vitamin A 
and D and contain the necessary unsaturated fatty acids (linoleic). 

Milk, however, is an almost impossible staple article of diet for a 
labourer, it is too bulky with too much protein, | gallon being needed 
to supply 3,000 calories and this contains 150 gm. of proteins, and it is 
deficient in carbohydrates desirable for hard work. 

There are pastoral tribes who live almost exclusively on milk; 
their vast herds of cattle roam over large tracts of land. The Masai 
of Kenya are an example of these, they live on fermented milk and 
reinforce this with blood, bleeding their cattle periodically, and with 
various meats obtained from slaughtered animals. The men and 
women of the Masai are well grown and much bigger than the neigh- 
bouring agricultural tribes who are more or less vegetarian, yet the 
Masai never undertake prolonged strenuous work probably because their 
diet is unsuitable for this; they spend their lives lazily with spasmodic 
outbursts of social or pugnacious activities. 


Fermented Milk 


In warm climates where milk is used largely in the diets it is seldom, 
if ever, taken as fresh milk. There is much prejudice against fresh 
milk; this is not unjustified where sanitary conditions are primitive. 
The organisms of dysentery, typhoid and other diseases grow rapidly 
in milk in warm climates, and milk once infected may in a few hours 
be so heavily charged with some pathogenic organism that it can lead 
to an overwhelming infection, such as fulminating bacillary dysentery 
in children. It is, however, a common and justified belief among the 
masses in some countries that curdled milk, which has been fermented 
for twenty-four hours or more, is safe, even when the product is some- 
what malodorous. 

The fermented milks of the Near East have special names and are 
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well known. Koumiss, made with mares’ milk, is the preparation of 
the steppes of Russia and Central and South-Western Asia, it contains 
a small percentage of alcohol. Kephir of the Caucasus is made from 
cows’ milk, and is very similar to Yoghourt of Bulgaria and Turkey, 
Matzoon of Armenia and Leben of Egypt. 

Three organisms are associated in these fermentations—a_lacto- 
bacillus, a streptococcus (S. /actis) and a yeast. The actions of these 
may be exemplified from the case of koumiss, where the lactobacillus 
and streptococcus ferment the lactose with the production of lactic 
acid and this curdles the milk; the yeast produces a little alcohol; 
and the organisms between them leaven the milk by producing CO, 
and other gases and partly digest the proteins. After about twenty- 
four hours considerable digestion of the caseinogen takes place and a 
sour thin effervescing fluid is produced, and this will keep almost 
indefinitely. The amount of alcohol is never more than 2 per cent., 
hence koumiss is not an intoxicating beverage. 

Kephir differs from koumiss in two respects; firstly, being made 
from cows’ milk there is a greater amount of protein, hence larger 
curds; and secondly, the curds contain grains of the three organisms 
growing in symbiosis in a tangled mass, these are called Kephir grains. 
Inoculation of each batch of milk is made with these grains after they 
have been broken up, hence the particular species are maintain in 
more or less pure culture. 

Leben and matzoon are very similar preparations. Yoghourt is 
supposed to be produced by a particular lactobacillus which has been 
named L. bulgaricus, but the evidence that streptococci and yeast 
do not play a part in the fermentation is inconclusive. L. bulgaricus 
has been much used in Great Britain and America for preparing sour 
milk, and at one time it was believed that the lactobacillus became 
established in the intestines of those who drank sour milk, and there 
maintained a lactic acid fermentation, which checked the growth of 
other and less desirable organisms. This view is now known to be 
incorrect and sour milk is less fashionable than it was. 

In some places the milk is fermented after it has been skimmed, 
this may prevent an undesirable production from the cream of butyric 
and other stomach-irritating fatty acids. 

In most parts of the tropics preparations similar to those already 
mentioned are in use. The sour milk of the Masai is one example— 
the cows are milked into long gourds, which contain the remnants of 
the previous batch of sour milk, the fresh milk is shaken up and thus 
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receives a heavy inoculation of the organisms; lactic acid production 
soon curdles the milk; the gourds are frequently shaken and this 
produces a preparation in which the curds are small, granular and 
leavened with the gases. 

In India and Ceylon both buffaloes’ and cows’ milk are used, and 
in some localities the former is preferred; here again the same three 
organisms are found in the curds—namely, a lactobacillus, strepto- 
coccus and a yeast. The method of preparation is to boil the milk, 
allow it to cool, and then stir in a piece of curd from a previous prepara- 
tion. The curds are not eaten until after forty-eight hours of fermenta- 
tion and in some places curds of three days are preferred. 

The average acidity, reckoned as lactic acid, of several samples 
tested at intervals of eight hours, fermentation was as follows :— 


Hours of Acidity estimated 
fermentation as lactic acid 
8 0-41 
16 0-92 
24 1-32 
32 1:43 
48 175 


The sterilizing power of fermented milk on pathogenic organisms 
has been tested. In one series of experiments ! it was found that 
when B. dysenteria, V. cholere or B. typhosus was inoculated respec- 
tively to the amount of one part of twenty-four hours’ broth culture 
to twenty-nine parts of different batches of curds containing | per cent. 
lactic acid, the organism rapidly died out and could not be isolated 
after three hours. Such a heavy infection as this does not occur 
naturally and it may be concluded that fermented milk is not likely 
to be a source of infection. 

The food value of curds may be compared with that of milk— 
firstly, about two-thirds of the milk sugar is broken up, fermentation 
ceases before it is all destroyed because of the accumulation of lactic 
acid; secondly, fatty acids are produced in small amounts, and these 
include butyric acid; and thirdly, in some fermented milks about 
7 per cent. of the proteins are broken up. Thus there is less carbohy- 
drate in curds than in milk, the proteins are more easily digested, but 
the fatty acids are undesirable irritants. As a supplement to more or 
less vegetarian diets curds are excellent, especially for children after 
they have become accustomed to them. Although curds are inferior 
to fresh milk for weaning infants, yet that they can be used for this 


1 Cey. J. Sci. (1939), 5, 17. 
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purpose is amply testified by the practice of the Masai and other 
tribes who slowly wean their children to them, whilst still being partly 
fed at the mother’s breast. 

In many tropical countries buffaloes thrive where cows will not, 
and more use should be made of buffalo milk. It has a pleasant taste, 
and when properly diluted, infants can be satisfactorily weaned 
upon it. 


Preserved Milks, including Condensed or Powdered Milk in Tins (Cans) 
or Bottles 


Much imported preserved milk is used in many tropical countries, 
and in some towns its use is high relative to the economic status of 
the masses. Milk preserved in tins or bottles has several advantages 
over fresh milk—it is more easily distributed, safer and more convenient 
for household use. 

With improved methods of preparation and the addition of vitamins, 
these milks are likely to be sold in greater quantities in the future. 

The preparations of preserved milk on the markets fall into six 
categories :— 

(1) Unsweetened condensed milk (evaporated). 

(2) Sweetened condensed milk. 

(3) Condensed skimmed milk. 

(4) Whole milk powders. 

(5) Skimmed milk powders. 

(6) Milk powders with the addition of sugar, barley, malt, etc. 

(1) Unsweetened Condensed Milk (Evaporated). There are many 
brands of this milk, and among these are: Ideal, First Swiss, Viking, 
Hollandia and Carnation. They are prepared by evaporating milk 
under reduced pressure to one-third of its volume. The approximate 
average composition is :— 

Total solids Protein Fat Milk sugar 
25 8 12 


When they are diluted to the extent of two parts of water to one of 
the milk, they have about the same value as a good sample of cows’ 
milk except that in most cases there is a reduction in the vitamin 
content. Infants weaned on condensed milk should be given fish-liver 
oil and fruit juices. 

Unsweetened condensed milk has limited uses in the tropics because 
when the tin is opened it must soon be used or it will go bad. 

(2) Sweetened Condensed Whole Milk. This is a favourite form of 
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milk for the not well-to-do classes. The milk is prepared by evaporating 
it to about one-quarter of its original volume and adding 35-40 per 
cent. cane sugar. Among the best brands are: Nestlé, Rose, Milkmaid, 
Anglo-Swiss, Lion and Eagle Brand. 

The approximate average composition is :— 


Total solids Protein Fat Milk sugar Cane sugar 
71 8 9 16 38 


If as much water is added as was originally evaporated the mixture 
is too sweet for the taste of most people; and the degree of dilution 
recommended on the tins produces a sweet milk considerably lower 
in protein and fat values than cows’ milk. 

Many brands have been sold on the market which contain a little 
milk (or skim-milk) and much packing 
such as starch and sugar, and any brand A/&> 
which is sold well below the price of a 
good-class brand, such as Nestlé’s, should 
be viewed withsuspicion. But all imports 
of condensed milk should be controlled by 
frequent analysis. 

Sweetened condensed milk is_ not = ATh 
generally suitable for infants because it 
contains too much sugar, but some infants 
who digest fresh cows’ milk badly will 
thrive for a time on condensed milk. 

Sweetened condensed milk will keep 
for a day or two after the tin is opened. 
But it will not keep indefinitely because some fungi and bacteria can 
slowly establish a growth in the milk. 

(3) Condensed Skimmed Milk. This is a cheap and unsatisfactory 
preparation. If skimmed milk is required the powder is the only 
acceptable form. | 

(4) Whole Milk Powder. There are two general methods of preparing 
this. In one case the milk is sprayed into a low-pressure chamber 
(Fig. 38) where the water is sucked off as steam and the powder falls 
to the bottom; in the other case a film of milk passes over hot rollers 
and is rapidly scraped off as a powder (Fig. 39). Cow and Gate milk 
is an example of the latter method. The “ roller ”’ process is the better 
as the amounts of vitamins are not markedly reduced, except ascorbic 


«MILK 


\ DRIED MIIK 
Fic. 38. 


acid. 
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The approximate average composition of desiccated milk powder is: 


Protein Fat Carbohydrate Ash 
26 30 36 5 

Seven parts of water added to one part of the powder renders it 
about equal to fresh cows’ milk. 

Among the brands of whole milk powders are: Glaxo Full Cream 
Dried Milk, Cow and Gate (Fullcream), Trufood, Klim, Ambrosia 
and Milkal. 

Whole milk powders are very digestible, the proteins of the milk 
having undergone some change during desiccation. 

Once the tin or bottle has been opened, milk powders do not keep 


Milk SPRAY 





SCRAPER 


Fic. 39. 


indefinitely and in some damp climates become musty from bacterial 
growth in a few days. 

(5) Skimmed Milk Powders. For some purposes, such as use in 
tea and coffee, milk can be better reconstituted from skimmed milk 
powder and butter than from whole milk powder. Many passenger 
ships carry for this purpose an apparatus, usually referred to as an 
“iron cow,” into which is placed skimmed milk powder, butter and 
water in appropriate proportions, heat is applied through steam coils 
and the mixture violently agitated. When the preparation is cooled 
it fairly closely resembles fresh cows’ milk in appearance and taste. 

An “ iron cow” may be a dangerous apparatus in tropical climates 
and outbreaks on board ships of food poisoning and dysentery have 
been traced to it, the apparatus must be thoroughly cleaned and 
scalded daily. 


Skimmed milk powders have approximately the following composi- 
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tion, but there are some on the market which contain as much as 
10 per cent. of fat :— 


Protein Fat Carbohydrate Ash 
a7 i 48 6 


There has been some difference of opinion on the use of skimmed 
milk powder in the diets of infants and children. One view is that, 
as the powders are deficient in the fat soluble vitamin A and D, so 
greatly needed by the young, the use of them should be discouraged, 
especially where the labouring classes have little education and a low 
economic status, because the powders, being much cheaper than whole 
milk powders are likely to be widely used and lead to much malnutri- 
tion. In at least one tropical country this view has led to the prohibi- 
tion of the importation of skimmed milk powders. The other view 
is that in many tropical lands the children are brought up on diet 
deficient in proteins and calcium, and as skimmed milk powder 
contains these in their best forms its use should be encouraged; one 
deficiency in the powder, namely, vitamin D, can be amply supplied by 
the action of the sun, but the great difficulty is the supply of vitamin A. 

Skimmed milk powders have been used in institutions such as 
orphanages with considerable success; but in all cases where they are 
used a dose of fish-liver oil and fruit juice should be given to the 
children daily. 

(6) Milk Powders with the Addition of Sugar, Barley, Malt, ete. 
There are many proprietary preparations of these and most have 
deservedly acquired high reputations. 

Some of these, intended for infants not being reared on their mother’s 
milk, have part of the caseinogen of the cows’ milk removed and 
lactose added so that the powder will approach the composition of 
dried human milk. Such preparations are usually designated 


** humanized.” 
The following is a brief description of some well-known brands :— 


Lactogen . P : _ Dried whole milk with 10 per cent. lactose added. 

Neave’s Milk Food : - Dried whole milk with lactose and maltose added. 

Cow and Gate (Halfcream) . Dried milk less half the fat and lactose added. 

Allenbury No.1 . - - Dried milk less half the protein and lactose added. 

Allenbury No.2 . 3 - Much the same as No. | with malted flour added. 

Berina No. 1 F - Dried whole milk with lactose and wheat flour extract. 

Berina No. 2 ; : - Much the same as No. | with malt extract added. 

Milo Food . ; : _ Dried milk with baked wheat flour and cane sugar added 
(15 per cent. starch). 

Horlick’s Malted Milk . . 50 per cent. dried milk, 26} per cent. wheat flour, 23 per 
cent. barley malt, } per cent. bicarbonate of soda. 

Carnrick’s Soluble Food . 374 per cent. dried milk, 373 per cent. malted wheat flour 


and 25 per cent. lactose. VPenanan 
Almata ; ; ; . Casein mixed with eggs, butter, maltose and fruit juice. 
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Firms which prepare “‘ humanized” milk state on the container 
that it is humanized, and among them are: Trufood, Ambrosia, 
Dorsella and Sunshine Glaxo. The last has vitamin D and a salt of 
iron added. 

(Many of the firms mentioned in the above list prepare digestible 
cereal foods which contain no milk, such as Allenbury’s Malted Food, 
Neave’s Food, Mellin’s Food, Benger’s Food, Sister Laura’s Food, etc.) 


Butter 


When cream is churned the fat globules run together to form butter, 
which consists of 84 per cent. fats, 2 per cent. protein and lactose and 
14 per cent. water. Some of the flavour of butter is due to a tang 
derived from bacterial action during preparation. The water and the 
protein of butter form a pabulum for bacterial growth, so that butter 
rapidly becomes rancid in warm climates. 


Ghee 


Because of the poor keeping qualities of butter, ghee is the common 
tropical preparation of the fats of milk. The milk is boiled and the 
fats are skimmed off, and again heated to remove most of the proteins 
and nearly all the water. At a tropical shade temperature of 85° F. 
the ghee in a bottle separates into two layers—-the top layer is trans- 
parent oil of low melting-point fats, and the bottom layer is granular 
and opaque, the opacity being greatest in the lower parts of the bottle, 
this layer contains more or less solid fats and a little flocculated protein. 
There is always a slightly rancid taste in good samples of ghee. But 
much that is sold in the markets of the East as ghee contains various 
vegetable fats, and the product is often of very high rancidity. 

Carefully prepared ghee, which has not been overheated, has good 
vitamin A values (1,000 units per oz.) and fair vitamin D values. 

Both ghee and butter are easily digested. 


Cheese 


Cheese consists of the proteins and fat of milk. The milk is clotted 
by rennet or curdled by vinegar or bacterial action. The whey is 
removed from the casein and fat, either by draining under a little 
pressure, in which case a soft cheese is produced such as Gorgonzola, 
Limburg and Stilton, or the whey is forced out in a press and this 
produces a hard cheese such as Dutch, American or Cheddar. The 
mass is deposited in a cellar or other cool place to ripen under bacterial 
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action. The flavour of a cheese is determined by the species of bacteria 
at work during ripening. Much work is required, however, by bacterio- 
logists before cheese-making becomes thoroughly scientific. 

Some cheeses are made from partly skimmed milk, Dutch cheese 
is an example, but in others the fat is increased by added cream, as 
is done in the case of Stilton. 

The soft cheeses keep in warm climates only in cold storage. They 
deteriorate so rapidly at room temperature that there is always a 
considerable wastage; consequently they may be considered as a 
luxury for the wealthier classes. 

Even the hard cheeses, which keep well in temperate climates, 
are apt to undergo decomposition after a few days at room temperature 
in the tropics. 

There is, however, a third class of cheese, which has appeared in 
recent years in increasing amounts in tropical countries. This is 
called ‘‘ processed”? cheese. It is sold in hermetically sealed tins 
which are packed with convenient portions of the cheese wrapped in 
tin foil. Many of these cheeses are made in Switzerland. They are pre- 
pared by melting the cheese and mixing it with sodium citrate or sodium 
phosphate and pasteurizing it. This cheese keeps wellin warm climates. 

Samples of different batches of cheeses labelled with the same name 
vary considerably in composition and therefore only approximations 
can be given. The approximate averages from a number of published 
analyses of five types of cheese are as follows:— 


Other nitro- Fat Ach 
genous matter 
per cent. 


Calories 
per cent. | per cent. per OZ. 


Protein 
per cent. 





Dark or pale red hard 115 


cheese. 
Dutch : ; , 70 
Cheddar . ; : 100 
Stilton ; : : 118 
“Processed”. é 94 




















Cheese is somewhat indigestible because the fats are intimately 
mixed with the proteins. The richer cheeses, such as Stilton, contain 
free fatty acids which some people find irritating to the stomach. 


EGGS 


An average egg of the small hens of the tropics does not weigh 
more than 14 oz., compared with the 2 oz. for the eggs of temperate 
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climates. But larger eggs are appearing in the markets following the 
importation of well-known breeds of poultry from Europe. The 
weight of an egg is distributed as follows :— 


Shell ~ ala Dencenu 
White . re) Pe ye 
Yolk . ie 30 ere 


The egg is a perfect food for the developing bird as it contains all 
that is necessary to produce bones, flesh and blood; but for several 


reasons it is not a complete human food. 
The shell consists mainly of carbonate of calcium. The white and 


yolk differ markedly in composition :— 


Water Protein Fat Ash 
White : 86 13 0:25 0:6 
Yolk ; 51 16 31-0 1:0 


Hence the yolk of the egg is the most nourishing part. Much of 
the protein cf the yolk is in the form of phosphoprotein; and the 
proteins of the whole egg are rich in cystine, tryptophane and other 
essential amino-acids. 

Among the minerals of an egg the white is rich in sodium and 
potassium salts, and the yolk is rich in phosphorus and iron and fairly 
rich in calcium. An egg of 2 oz. has about 2 gm. of calcium, but all 
except 0-13 gm. is in the shell; as a newly-hatched chicken contains 
about 0-25 gm., it is obvious that about half of this has been withdrawn 
from the shell. 

Egg yolk contains vitamins A and D and the egg as a whole is rich 
in vitamin B complex, with the exception of nicotinic acid, in which it 
is deficient, it is also deficient in ascorbic acid. The reason is that the 
developing chick is able to synthesize these two vitamins, and also 
inositol. The figures? given below show that the newly-hatched chick 
contains far more inositol and nicotinic acid than was originally 
present in the egg. 











Pantothenic : : i ini : fake 
ae nt hoon Riboflavin Dee Inositol Biotin 
Foc ee i 2 08 | 70 68 
Newly hatched 12 3 19-0 456 68 
chicken. 








(All figures wg. per gm.) 
Probably the chicken cannot synthesize pantothenic acid or ribo- 


flavin, and the increases given above are due to analytical errors. 
* E. E. Snell and E. Quales (1941), J. Nutrit., 22, 483. 
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Eggs vary in the amount of vitamins they contain; when there are 
insufficiencies in those the chicken cannot synthesize, they will not 
hatch. Probably the most frequent deficiency in unhatchable eggs is 
riboflavin; but vitamins A, D and K may also be deficient. 

The eggs of most other birds have much the same composition as 
hens’ eggs; those of water birds, such as ducks, geese and sea birds, 
are richer in fats. 

Eggs are valuable and nutritious articles of diet, they contain no 
carbohydrate and hence are tissue builders. They should appear 
frequently in the diets of children, and the fact that the ratio of phos- 
phorus to calcium is higher than is optimum for human growth and 
the other shortcomings of eggs needs not be emphasized as they are 
easily corrected by milk, fruit juices and other foodstuffs. 

Eggs are not indicated in the diets of patients with sprue or pellagra, 
but during convalescence from these diseases they may not be contra- 
indicated provided the rest of the diet contains little fat and is rich 
in the essentials deficient in eggs. 


MISCELLANEOUS FOODSTUFFS 
(For analyses see Table LX XIII, p. 426) 


ALGa#. Sea weeds are occasionally eaten in the coastal districts of 
most countries of the world. They have very small value in protein; 
and still less in carbohydrates, much being in the form of indigestible 
polysaccharides, such as agar-agar. Some which are particularly 
rich in agar, such as Gelidium rigidum, appear in the bazaars and 
markets of the East where they are used in cooking to make jellies. 
Sea weeds have high values in minerals, including calcium, iron, copper 
and iodine. The sea weeds have been placed into three classes, accord- 
ing to the colour of the pigment they contain. Many species of red 
alge (Rhodophyce@) are edible, including Carrageen mosses (Chondrus 
crispus and Gigartina stellata) eaten in Eire and West Scotland; 
a pleasant milk jelly being one of the preparations. Laver bread 
(Porphyra umbilicus) is sold in the market towns of Wales. Species 
of Chondria are regularly marketed as a food in Hawaii; species of 
Acanthophora and many other genera are eaten in the East Indies. 
Catenella impudice is common in the Rangoon markets. The brown 
alge, the kelps (Phaeophycea) are less used; species of the genera 
Laminaria and Sargassum are prescribed by the Chinese for goitre. 
Species of green alge (Chlorophyce@) are also occasionally sold in the 
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East. A greater use might be made of sea weeds, especially in inland 
localities where goitre occurs. 

SaGo. The trunks of many palm trees, just prior to flowering, con- 
tain a large store of starch. A preparation of this starch is called sago, 
and use is made of this to a greater or less extent in several parts of 
the tropics; in a few localities it is almost a staple article of diet. 

The sago of commerce comes from two East Indian palms— 
Metroxylon sagus or M. Rumphii. There are, however, a number of 
other palms from which villagers extract a crude sago, especially 
when there is a shortage of their staple cereal. Among these there 
are the kittul palm (Caryota urens), the talipot palm (Corypha utan), 
the arenga palm (Arenga pinnata) and others of southern Asia. Several 
palms are used in the same manner in the tropics of South America, 
among these are the carnauba palm (Copernicia cerifera) and the 
buriti palm (Mauritia vinifera). In times of famine sago may be 
obtained from other trees, even from cycads such as Cycas circinatis. 

To obtain sago from a palm the whole tree must be sacrificed, this 
puts a limit on the use of many species of palm trees for this purpose, 
as most of them yield more valuable products in the form of fruits, 
sugar and toddy. : 

At some time between the age of 9 to 15 years a Metroxylon palm 
shows the beginning of flowering in the apical bud and a change in 
the colour of the leaf stalk, which indicates that the palm is fully grown 
and gorged with starch, then it must be cut down, if it is to be used 
for sago, because after flowering and fruiting much of the starch 
disappears from the trunk. 

The hard outer layers of the trunk are removed to a depth of about 
1 in. and the rest is rasped into a coarse meal resembling sawdust. 
The Chinese do this on a lathe. The villagers consume a crude sago 
obtained by washing and sedimentation. The sago of commerce is 
prepared by refining in factories the crude product of the villagers. 
The methods pursued are similar in principle to those in use in tapioca 
factories (see fecula, p. 197). There are, however, differences in detail, 
usually the first suspension of the starch is allowed to flow slowly 
down a slightly sloping wood or cement canal of about 100 ft. long 
and 2 ft. broad. The starch which settles in the middle third of the 
canal is taken for further stages of purification in wooden drums, and the 
other two-thirds are returned for more stirring, suspension and filtering 
through muslin and again allowed to flow along the canal. Pellets, flakes 
and flour are finally prepared as in the case of tapioca (see p. 197) 
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ARROWROOT (Maranta arundinacea) is a West Indian plant. It 
derives its name from the old Indian practice of poulticing poisoned 
arrow wounds with the starchy extract. 

The roots are sometimes boiled and eaten, but the chief products is 
the most refined of all feculas. The most costly preparations are made 
by sedimenting in glazed tiled or enamel vessels, and the powder during 
drying is handled with silver-plated or other stainless shovels to prevent 
discoloration or taint; and the boxes in which it is packed are lined 
with white paper stuck on with a paste made from the refined fecula. 

Arrowroot in this form has become noted as an easily digested 
bland food acceptable to invalids. Nutritionally it must be considered 
somewhat of a luxury in hospital diets. 

INDIAN ARROWROOT. Feculas, falsely called arrowroot, are pre- 
pared in India from various species of Curcuma of the family Zingi- 
beracee; turmeric is one of these. 

Tanit1 ARROWROOT. In some of the Pacific islands this fecula is 
prepared from the roots of Tacca pinnatifida of the black lily family. 

QUEENSLAND ARROWROOT. The roots of the South American 
Canna edulis is used in several parts of the world for making a fecula. 

The food value of feculas is much the same in all cases. The products 
as they appear on the markets contain about 85 per cent. starch, 0-3 per 
cent. protein and negligible quantities of fat, minerals and vitamins. 

For invalids, who have been previously well fed, feculas may be 
valuable foods to tide over a short period of acute illness, but most of 
the patients in tropical hospitals need foods containing more proteins, 
minerals and vitamins. 

Funct (Mushrooms). A very large number of species of the 
order Agaricales are eaten in various parts of the world, a pleasant 
adjunct to a diet; they have high values in vitamin B complex, but they 
supply less than 10 calories per 02. 

Honey consists of levulose and dextrose with a little saccharose, 
dextrin and traces of protein and minerals. Much honey from the 
combs of a number of species of wild bees is gathered in the tropics. 

JAGGERY. This is the common Indian name for the sugar obtained 
by boiling down the sap tapped from the inflorescence or crown of 
palm trees. The sweet toddy, as the sap is called, contains about 17 per 
cent. of solids of which 16 per cent. is sucrose. Protein, pectin and gums 
are present in very small amounts, giving the boiled jaggery a dark 
brown colour. When the boiling is done in iron vessels the original 
amount of iron in the sap is greatly increased. To prevent fermentation 
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of the sweet toddy, whilst it is being collected from the trees, the collect- 
ing pots are smoked or limed. Most palms used for collecting toddy 
are also used for making sugar. Among those of the Old World are: 
the sugar palm (Arenga pinnata), the palmyra palm (Borassus flabifera) 
and the coconut palm. Among those of the New World are: the 
carnauba palm (Copernicia cerifera) and the muriti palms (Maurita spp). 

JAM AND MARMALADE. It is desirable that the ascorbic acid in the 
fruit used to prepare these conserves should be retained. This is done 
in the up-to-date methods of jam-making, or ascorbic acid may be 
added. 

MarMITE. See under Yeast. 

PALM O1Ls. See pp. 254-57. 

Saco. See Feculas. 

SUGAR CANE (Saccharum officinarum). This supplied about 200,000 
long tons of sugar in the world markets in 1946. The juice of the cane 
contains about 9 per cent. of saccharose and traces of other sugars. 
In manufacturing sugar the juice is concentrated and the sugar is 
crystallized out, what remains is called molasses or treacle, it contains 
a little crystallizable sugar and others which are not crytsallizable, 
together with pectins and other matter. The molasses are used for 
various purposes, they may be fermented and distilled to produce rum 
or used as cattle food. Large amounts of edible yeast (Torula utilis) 
are now being produced in Jamaica by cultivation in a medium of 
molasses. There is a high iron content in molasses derived from the 
iron boiling pans. Golden syrup is the concentrated whole juice of 
canes. 

TAPIOCA. See Feculas. 

TREACLE. See Sugar cane. 

YEAST. The yeasts (Saccharomyces cerevise) used by brewers and 
bakers have long been known to be rich in water-soluble vitamins of 
the B complex. Brewers yeast, though particularly rich in vitamins, 
is too bitter as an adjunct to most diets. In recent years large quantities 
of the yeast Torula utilis have been grown for addition to human 
dietaries. The proteins of yeast are deficient in methionine, but fairly 
rich in valine and lysine; in animal experiments they have been shown 
to have a good supplementing effect on cereal proteins. Yeast has a 
low content of calcium and a high content of phosphorus with a 
ratio of 1 : 20 and when given in large quantities to animals is rachito- 
genie. Where diets are deficient in vitamins of the B complex and the 
proteins are mainly from cereals, yeast is a valuable addition to the 
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diets. In all hospitals and other Government institutions in Malaya, 
1 oz. of Jamaican yeast (Torula utilis) has been added to the diets. 
An amount up to $ oz. can be distributed among the soups, stews and 
curries in the daily diets without causing any noticeable change in the 
flavours; but an addition of this amount to one dish is not acceptable 
to most people. It is difficult to persuade a general public to use yeast 
in their daily meals because it lacks appeal and is expensive, the whole- 
sale cost being more than £200 a ton, which may be compared with 
skimmed milk powder at less than one-third of this cost. Marmite 
is a salted autolysed product of yeast. It was long ago shown by 
Lucy Wills? that marmite had a specific curative action in certain 
forms of macrocytic anemia occurring in India. As this effect is 
not possessed by ordinary yeast it is thought that autolysis makes 
available some unknown vitamin. 

Wild yeasts are ubiquitous, S. tuac and S. ellipsoideus are the common 
yeasts of fermenting toddy. The sediment of toddy consists mainly 
of yeast cells, but is always contaminated to a greater or less degree 
by acetic acid forming bacteria. To obtain a sample acceptable as a 
food yeast it would be necessary to collect sweet toddy, pass it through 
bacterial filters, and ferment it with pure cultures of yeast whilst it 
was protected against contamination. 

The yeasts have little or no values in the fat soluble vitamins and 
ascorbic acid. 

The following gives analyses of dried yeasts and marmite :— 

















Water | Protein | Fat | Tagine Rg | acid mg. 
per cent. Deh Celtis fp per Cent. per cent. | percent. | per cent. 
pees iach per OZ. per OZ. per OZ. 

35 | 24 20 | 50 42 
Torula utilis . 8 = 7 7 es rr 
42 1-0 2-10 4-0 35 
Brewers’ yeast 5 ra rss AE e a 
37 2:0 3:0 7:0 35 
Bakers’ yeast . 5 fi ie Ae # iF 
2 30 35 
Marmite ; — — it; = a 7 




















Mg. per cent. = Mg. per 100 grams. 
3 Brit. Med. J. (1931), 1, 1059. 
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Yeasts should never be given unless they are well cooked, or better 
still autolysed and salted as in the case of marmite. The reason is 
that live yeasts can actually deplete the thiamine in a diet either by 
absorption of the vitamin or by destroying it by enzymic action; 
yeast contains thiaminase. Further, yeasts have cell walls somewhat 
resistant to digestion, and it is important that any food given where 
there are digestive disturbances, as in beriberi, should be readily 
digestible. (For a method of preparing an extract of yeast see 
Appendix VIII, p. 442.) 


CHAPTER XV 


ENERGY VALUE OF FOODS: ALLOWANCES WHEN 
PRESCRIBING DIETS 


THE energy of food comes from the oxidation of carbohydrates, fats 
and proteins, and is expressed in terms of heat units called calories. 

The calorie * used in nutritional work is the amount of heat required 
to raise the temperature of 1 kg. of distilled water 1° C. 

The apparatus which has been commonly used for the determination 
of calorie values is Atwater’s bomb calorimeter (see Appendix IX, 
p. 443). 

The heat of combustion of organic substances depends upon their 
chemical composition. One gm. of carbon yields 8-08 calories and 
1 gm. of hydrogen 34-5 calories; the burning of a compound of carbon 
and hydrogen, such as petrol, produces much the same amount of 
heat as would be given off if the elements were burnt separately. 

The carbohydrates and fats being composed of carbon, hydrogen 
and oxygen, may be considered to be already partly oxidized, and 
therefore the combustion of them does not cause as much heat as the 
equivalent amounts of carbon and hydrogen which they contain; 
for instance, 100 gm. of glucose contains 40 gm. of carbon, 6-7 gm. of 
hydrogen and 53-3 gm. of oxygen and yields much less heat on burning 
than is given off when 40 gm. of carbon and 6:7 gm. of hydrogen are 
burnt. 

The energy-producing constituents of foodstuffs on complete oxida- 
tion in a calorimeter yield the following averages :— 


Carbohydrates c . 4-1 calories per gramme. 
Fats ° e ® - 9-45 33 > > 
Proteins : ; pee s"0D 3) 5 Me 


The carbohydrates and fats are completely oxidized in the body; 
but the proteins, which burn in a calorimeter to carbon dioxide, water 
and nitrogen, are not completely oxidized in the body, and their end- 
products, such as urea, still have energy values which are estimated 
at about 1-3 calories for each gramme of protein used in the body. 

Small amounts of the food materials are lost during digestion, and 
the average amounts lost on a mixed diet are: carbohydrates, 2 per 

1 At one time the calorie was spelt with a capital C to distinguish it from the smaller 


calorie which is the amount of heat required to raise 1 gm. of water 1° C. 
305 20 
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cent.; fats, 5 per cent.; and proteins 8 per cent. The figures which 
are convenient to use for calculating the calorie values of food are:— 


Carbohydrates and proteins . 4 calories per gramme. 
Fats : : : : 


> 9 ” 


The Energy Requirement of Man 


The energy requirements of the body are conveniently expressed in 
terms of calories per day. 
Four methods have been used for determining these requirements 
of man, and may be briefly mentioned here :— 
(1) By calculating the calorie value of the food of persons who are 
maintaining their normal weights. 
A good example of this is given by Chittenden.” He states that 
Dr. Neuman reduced his diet to just sufficient for his needs and 
kept a record of all food and drink taken during a period of 
10 months. His weight remained nearly constant. The average 
daily food showed the following figures :— 


Protein . : . 66:1 grams x 4 = 264-4 calories. 
Fat ; : 5 Oa a nD = 0 aes 
Carbohydrate . 5 306°5 eee 6 — Oe 


Total 2,241-9 

During a second period of 8 months, Neuman consumed food 
to the value of 2,000 calories, whilst his weight remained constant. 

This indicates that the energy requirement of a man of average 
size, approaching middle age, and engaged on professional work— 
mainly sedentary—is satisfied with daily food of 2,000 to 2,250 
calories. Neuman was working in the Hygiene Institute at Kiel 
at the time of this investigation. 

(2) By determining the amount of oxygen consumed. This is one 
method of determining the basal metabolic rate (see p. 307) 
using an oxycalorimetric apparatus such as that of Roth and 
Benedict. In the rapid method of estimation of the caloric value, 
the oxygen consumed is taken as giving rise to 4-825 calories 
per litre. 

(3) By determining the balance of intake and output of carbon and 
nitrogen. The intake is calculated from the amounts of these 
elements in the food, and the output from the amounts of carbon 
in the carbon dioxide excreted from the lungs, and the quantities 


* * Nutrition of Man,” (1907), p. 286. 
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of both elements in the urea and other substances excreted in the 
urine and feces. In adults there should be equilibrium between 
the intake and output. 

(4) By measuring the heat given off by the body. 

The calorimeters * used for this purpose are large, complicated 
and expensive. 

The requirements of food as determined by one or more of the above- 
mentioned methods are generally considered in three categories :— 

(1) The requirements for basal metabolism when a person in normal 
health is at complete rest in bed in surroundings of comfortable 
temperature, and has not taken food for 12 hours. 

(2) The requirements for general maintenance when a person is 
living a sedentary life and is not undertaking what is usually 
called manual labour, or active exercise. 

(3) The requirements for work. 

The requirements for basal metabolism vary with the size and shape 
of the body. Although the average large man requires more food for 
basal metabolism than the average small man, yet the requirements are 
determined more by the area of the body surface than by the weight; thus 
a thin sparse man, having a relatively large body surface, requires more 
food for basal metabolism per unit of weight than a stout thick-set man. 

The basal metabolic rate (B.M.R.), and hence the amount of food 
required for basal metabolism, is affected by many factors :— 

(a) Age and Sex. Children have somewhat higher rates than adults, 
and there is an increase during puberty. Graph V, showing 
calorie allowances for boys and girls, indicates the increased needs 
during puberty. The adult rate is fairly uniform until middle age, 
when a decrease sets in and continues for the remainder of life. 
Males have a higher rate than females. 

(b) Work and Exercise. Muscular activity increases the B.M.R. 
and this increase continues during the hours of rest. 

(c) Diet. Those on a high protein diet have a higher B.M.R. 
than those on diets high in carbohydrate and low in protein. 

(d) Climate. Asa result of many researches, it has been shown that 
the B.M.R. of the inhabitants of the tropics is 10 per cent. or more 
lower than that of the inhabitants of temperate regions. Not only 
is this the case for tropical races, but also for those from temperate 
countries who have become resident within the tropics.‘ 


® Vide H. C. Sherman (1946), “* Chemistry of Food and Nutrition,” Chapter VIII, p. 130. 
1 H. C, Sherman (1946), “‘ Chemistry of Food and Nutrition,” p. 173. 
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(ce) Pregnancy. There is an increased rate during pregnancy due 
to metabolism of the growing foetus. 
(f) Disease. There is an increase in fevers on an average about 
6 per cent. for each degree Fahrenheit. In hyperthyroidism the 
increase may be as much as 75 per cent., whereas in myxcedema it 
may be reduced by 30 per cent. below normal. 
Most of the work to determine food requirements has been done in 
America and Europe, and applicable to the peoples and climates of 
those continents. It is important to decide what modifications must be 
made when dealing with tropical populations. 


CALORIES 
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Temperate climates are more stimulating than tropical for 
physical activities, there is need to produce heat for the body, - 
and the use of heavy clothes calls for some small expenditure of 
energy. 

Johnson and Kark ® studied the voluntary daily consumption of 
American troops doing similar work in different parts of the world; 
they found that the food consumed under Arctic conditions had a 
daily caloric value of 4,900, while in the tropics it was 3,100, a very 
marked difference. 

Such studies as those of Johnson and Kark are not fully applicable 
to the inhabitants under the normal conditions of the tropics. 


* Johnson, R. E., and Kark, R. M. (1947), Science, 105, 378, 
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The individuals of tropical races are on an average far smaller than 
their counterparts in the colder climates. 

It has been customary to give food requirements in terms of the 
calories needed by a man or woman of average weights, those generally 
used under temperate climates are 70 kg. (154 lb.) and 56 kg. (123 Ib.) 
respectively. Similar figures applicable to most tropical countries 
are 55 kg. (121 lb.) and 45 kg. (99 Ib.) (see p. 315). 

Therefore the two largest factors to be taken into consideration are 
the B.M.R. and the physical size of the people. A 20 per cent. reduction 
may be allowed for the combined effect of these two factors. 

In the following example Lusk’s estimates ° of the calories expended 
by a man of 70 kg. under stated conditions are reduced by 20 per cent. 
to make them applicable for a man of 55 kg. of most races in the 
tropics :— 


Estimate for 
Lusk’s estimate tropical people 
(calories) (calories) 
Absolute rest in bed without food. 1,680 1,350 
Absolute rest in bed with food. 1,840 1,470 
Rest in bed 8 hours, sitting in a 2,168 1,750 


chair 16 hours, with food. 


Allowances for Prescribed Diets 


The number of calories and the amounts of the various constituents 
of foodstuffs which should be allowed when prescribing diets are much 
contested matters. 

Allowances must be based on estimated physiological requirements, 
but it has been customary to recommend somewhat larger amounts 
so that there is provision for a margin of safety. 

The Health committee of the League of Nations appointed sixteen 
well-known professors and nutritionists to form a Technical Com- 
_ mission, and in their “ Report on the Physiological Bases of Nutrition,” 

Vol. If (1936), they give the following :— 


**(1) Calorie Requirements :— 

(a) An adult male or female, living an ordinary everyday life in a 
temperate climate and not engaged in manual work, is taken as 
the basis on which the needs of other age-groups are reckoned. 
An allowance of 2,400 calories net ” per day is considered adequate 
to meet the requirements of such an individual. 


6 G. Lusk (1928), “* Science of Nutrition,” 4th Ed. (Saunders). ; 
’ The term “net calories” refers to the amount of energy available from the food 


actually assimilated. 
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(b) The following supplements for muscular work should be added 
to the basic requirements in (a) :— 


Light work, up to : : 75 calories per hour of work. 
Moderate work, up to . . 75-150 a ae ery . 

Hard work, up to - . 150-300 os A Th be ES 
Very hard work, Upiton- ‘ 300 e = ony 


(600 calories may be taken as an average supplement for puecuiae works 


(c) The energy requirements for other ages and for mothers can be 
obtained from the following tables of coefficients :— 


Age (years) Coefficient Calories 
|- 0:35 840 
2-3 0-42 1,000 
3-5 0°5 1,200 
5-7 0:6 1,440 
7-9 0-7 1,680 
9-11 0:8 1,920 
11-12 0-9 2,160 
12-15 1-0 2,400 
15 (upwards) 1:0 2,400 


(The co-efficient of 1 from the age of 12 is to meet the needs of puberty.) 


The muscular activities characteristic of every healthy child and 
adolescent necessitate additions to the basic requirements shown in (c). 
It is suggested that the activities of children of both sexes from 5 to 
11 years be considered as equivalent to light work, of boys from 
11 to 15 as moderate work and of girls from 11 to 15 upwards as light 
work. 


Women Coefficient Calories 
Pregnant 1-0 2,400 
Nursing 125 3,000 


Allowance must also be made for women engaged in household 
duties whether pregnant or not; these have to be reckoned as equiva- 
lent to light work for eight hours daily. 


The requirement for babies under 1 year are difficult to specify 


except in terms of body-weights; the following allowances are 
considered adequate :— 


Age (months) Calories per kilogramme 
body-weight 
0-6 100 
6-12 90 


(2) Protein Requirements :— 

In practice, the protein intake for all adults should not fall below 
1 gm. of protein per kilogramme of body-weight. The protein should 
be derived from a variety of sources, and it is desirable that a part of 
the protein should be of animal origin. 

During growth, pregnancy and lactation, some animal protein is 
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essential, and in the growing period it should form a large proportion 
of the total protein. 
The following allowances of total protein are recommended :— 


Grammes per Grammes per 
kilogramme of kilogramme of 
Age (years) body-weight Age (years) body-weight 
1-3 3:5 17-21 1 
3-5 3-0 21 upwards 1-0 
5-12 2°5 Women 

12-15 Dos Pregnant 0-3 months 1:0 
15-17 2:0 les 0-9 » 1:5 
Nursing 2-0 


(3) Fat Requirements :— 

Fat must be a constituent of the normal diet, but the data at present 
available do not suffice to permit a precise statement of the quantity 
required. The high content of vitamin A and/or D in certain fats 
justifies their use in liberal amounts. 

(4) The Influence of Climate on Dietary Requirements :— 

In cold climates the energy content of the diet may need to be 
increased. Where climatic conditions or social customs do not permit 
of exposure to sunshine, vitamin D should be supplied in the diet.” 


The Committee of the League of Nations also drew up dietary 
schemes for pregnant and nursing women and children of various 
age groups. The protective foods—milk, eggs, meat, fish, liver, green 
leafy vegetables, potatoes, fruit and cod-liver oil—were included in 
the daily scheme for every diet. The following is an example:— 


Children Age 2-3 Years (1,000 Calories) 


Amount Protein 
gm. Calories gm. 
(A) Protective Foods: 
Milk . ; ‘ ; : . 1,000 660 32 
1 Egg (or 30 gm. meat, fish or liver). 48 70 6 
Green leafy vegetables. . : . 30-60 iS — 
Potato (or other root). A ; 50 50 1 
A source of vitamin C (fruit) 
Cod-liver oil . : : ; : 3 30 = 
(B) Supplementary Energy-yielding Foods: 
Fats (butter, if possible) - - : Ths) —— 
Cereals (calculated as bread) . - 50 150 7 
1,050 46 


Such diets have never been produced in quantities sufficient to supply 
more than a small percentage of the children of the tropics, and indeed 
they are beyond the reach of the labouring class families in most parts 
of the world. It may be that some of the recommendations of the 
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Commission of the League of Nations are a counsel of perfection. 
But well-fed women and children do not need a daily dose of cod-liver 
oil. Good growth and health may be obtained on far cheaper diets in 
which most of the foodstuffs are of vegetable origin. 

Allowances of vitamins and other nutrients should be based on the 
requirements assessed from well controlled experiments on human 
beings living under various circumstances in different parts of the 
world. Such facts as that man requires a greater amount of vitamins 
for buoyant health than to prevent frank deficiency diseases, and that 
a margin must be allowed for losses during the preparation of food 
should be taken into account. 

Unfortunately, very few controlled experiments on man have been 
carried out; nor has buoyant or positive health been defined in terms of 
growth and vigour. The words minimum and optimum have been used in 
respect of the amounts of nutrients in diets without substantial definition. 

Some of the evidence used for making recommendations for dietary 
allowances is derived from :— 

(a) Calculations from animal experiments. 

(b) Inferences from clinical observations. 

(c) Deductions from blood and urinary levels, but the functional 

meaning of these levels in respect of many nutrients is not known. 

(d) Comparison of the diets of different populations, taking into 

account the morbidity and mortality rates. 

There is malnutrition and shortening of life among sections of the 
well-to-do classes in all countries from the consumption of diets which 
are too high in quantity and quality for the best health. 

Table XLVI gives the daily allowances in calories and nutrients as 
recommended by the Food and Nutrition Board of the National 
Research Council of the U.S.A. These recommendations have been 
made for the people and conditions of North America, and they are 
not for use in an unmodified form for other parts of the world. 

It has yet to be shown that diets, which will produce the greatest 
amount of growth during the years of a child’s upbringing, are 
necessarily optimum diets for his future health, activities and longevity. 

It may be that a man’s health is best served by the consumption for 
a period of time of diets of calorie and other values somewhat higher 
than those that satisfy the requirements of maintenance and work, 
these being followed by moderate abstinence on more restricted diets. 
It is possible that the building up of high reserves followed by a 
moderate depletion of them is better for man than a persistent main- 
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tenance of high reserves. This is certainly in accordance with the 
dietary habits of many peoples—times of feast being followed by times 
of abstinence. But this does not mean that the nutritionist may 
subscribe to periods of semi-starvation among any population, for 
moderate abstinence is not starvation. 

A vast and valuable knowledge has been acquired from experiments 
on animals leading guarded and inactive lives in the confines of small 
cages; and this has been supplemented by balance experiments on 
human beings, and many of these have been carried out on well-fed 
and enthusiastic volunteers in temperate climates. 

There is, however, a great need for dietary surveys and balance 
experiments among many peoples with various modes of life and 
dietary habits in different parts of the world; and these must be studied 
with their growth rates, general health and mortality. 

Biological adaptations have probably taken place in many races, 
whereby some races more readily than others absorb and utilize 
certain dietary constituents. Such adaptations take place only as the 
result of stresses, periodically occurring through generations. A 
pastoral tribe, or a meat and fish-eating race such as the Eskimos, 
who have always presented a sufficiency of vitamin A or calcium in 
very available forms to their bodily economies, are unlikely to be 
able to utilize carotenes or calcium phytate as readily as more or 
less vegetarian tribes. Balance experiments among tribes of different 
dietary habits might give revealing results, especially if carried out 
on individuals who had been more or less on the brink of starvation 
so that the experiments would not be complicated by too great reserves 
within their bodies. 

The diets of many backward races are suitable for the circumstances 
under which they live, but may be most unsuitable for the labours and 
calls of a higher civilization. An African villager may pass his time 
divided between alternate periods of moderate activities and almost 
complete idleness, and his normal diet, especially if it is that of a 
pastoral tribe, will be quite unsuitable for gang work, such as for 
agriculture or building roads. 

It is necessary to propose Allowances which are practical for applica- 
tion among the masses of the tropics. (Table XLVI). 


Calories 


When allowances suitable for dietary prescriptions are defined in 
terms of the average man or woman, it means the average weights of 
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young adults of either sex concerned, and not the mean weights of all 
men and women concerned, for these would be overloaded by the 
heaviness of middle age, which, among the people of some races, far 
exceeds that of early adulthood. 

The allowances of calories appearing in the first column of 
Table XLVII are for the average man or woman of 55 kg. (121 Ib.) 
and 45 kg. (99 lb.) respectively. 

Certain of the deficiencies of unbalanced diets may be partly corrected 
by increasing the amount of the food consumed and thus increasing 
the amounts of the nutrients in short supply. This usually means 
that too much carbohydrate appears in the diets, which is either wasted 
or stored in the body as fat. Therefore, when stating allowances for 
calories it must be with the proviso that the diets are well balanced for 
good utilization. 

Lactation. The milk secreted by women ranges on an average from 
about 500 ml. daily for the first month after parturition to about 
1,000 ml. for the fifth month. This represents 350-700 calories daily. 

It is a practice in good stock-farming t6 increase the amount of 
food during the last three months of gestation. If this is not done the 
milk yield is affected. This is applicable to women, and insufficient 
food will lead to failure of lactation. 


Proteins 


Digestive utilization and biological values vary with different proteins, 
therefore it is not possible to give exact figures for allowances, but 
they must be above theoretical requirements. 

There has been an adage among nutritionists of temperate climates: 
‘ Look after the calories and the proteins will look after themselves.” 
This may not be applicable for the conditions in many parts of the 
tropics, especially where the staple article of diet of the masses is rice, 
which has a smaller percentage of protein than any other cereal. 

It is not entirely satisfactory to base the allowances for proteins on 
the weight of the individual; for instance, a child heavy with fat 
certainly does not need more protein than a lighter child of similar 
age and build, and the same applies to adults. 

The allowances suggested by Aykroyd for India are given in 
Table XLVIIL. 

It is desirable that at least one-fifth of the protein in all diets should 
be of animal origin, and during growth, pregnancy and lactation not less 
than one-third should be of animal origin. 
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TABLE XLVIII 


Sex and Age Grammes per day 
Man 18-60 . Sees A : 65 
Woman 18-60 : F 3 : 55 
Boy 10-17. : : . ; 80 
Girl 10-17. : : ; : 70 
Child 6-9. ; ; ; , 60 
Child 2-6. - 40-50 


*Pregnant woman after 5th month . 80 
*Lactating woman . ; 


* Not given By Avirord. 
Fats 
The amount of fats in a diet for an adult should not fall below 
50 gm. a day. If it is possible, butter or ghee should appear in the 
diets of children and nursing mothers. 


Carbohydrates 

The main function of carbohydrates is to supply calories. Supposing 
a diet is to furnish 2,600 calories: 65 gm. of protein (65 x 4 = 260 
calories) and 50 gm. of fat (50 x 9 = 450 calories) will provide 710 
calories, then the remaining 1,890 calories should be supplied by 
472 gm. of carbohydrates. 

In all cases where additional energy is required for work, it should 
be supplied by foodstuffs rich in carbohydrates such as rice, bread, 
or other cereal food, to a small extent by fat such as vegetable oils or 
ghee, and as little as possible by flesh foods. 


Minerals 

Calcium and Phosphorus. The recommended diets of the Com- 
mission of the League of Nations contain for children of 1-2 years 
about 1 gm. of calcium, for older children about 14 gm. and for 
pregnant and nursing mothers about 2 gm.; in all cases the amount 
of phosphorus is a little more. Considerably more than half of the 
calcium and about half of the phosphorus is supplied by milk. Calcium 
and phosphorus requirements have been discussed in Chapter III, 
p. 35, and standard allowances suggested for calcium are given in 
Tables XLVI and XLVII. 

The ratio of calcium to phosphorus should not be greater in the 
diets than 1 : 3. 

Iron. The content of iron in vegetable products largely depends 
on the amount in the soils in which they have been grown, and in 
localities where the soils are rich in iron there is unlikely to be a 


deficiency in the diets. . | 
All iron taken in with the food is not available for hemoglobin 
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formation, and the availability depends on the nature of the iron 
compound in each foodstuff. Table XLIX gives roughly the percentage 
of iron available in four classes of foods. 

About 8 mg. of available iron daily is sufficient for a man, and 
similarly about 10 mg. for a woman (see p. 40). 


TABLE XLIX 
Percentage of Iron Available 
Leaves . 20-30 Meats . 50-75 
Cereals . 50-60 Pulses - 60-80 


Iodine. When there are intermittent supplies of iodine in the food 
above the body’s needs, the excess is stored for future use; and periods of 
deficiency, unless of long duration, give rise to no obvious ill effects. 

It is unnecessary to take this mineral into account in ordinary 
nutritional practice in areas where goitres due to iodine deficiency are 
known not to occur. 

Orr and Leitch gave the needs of the adult at 0-045 mg. of iodine 
daily, which is higher than other estimates (see p. 47). 


Vitamins 


The recommendations in Table XLVII must be considered in 
conjunction with points already made in Chapters VI to VIII on 
vitamins. For instance, it is desirable that some ready-formed vitamin A 
should be in the diets of infants and young children; the amount of 
thiamine should be considered in relation to the amount of carbohy- 
drate in the diet; more niacin is required in diets in which maize is 
the stable article than in the case of other cereals; a sufficiency of 
riboflavin is needed for the good utilization of food; and very little 
vitamin D is needed by those exposed to sunlight for a few hours a day. 
It must always be remembered that- whatever allowances are recom- 


mended they must always be used in reference to each particular 
dietary pattern. 


Examples of Deficient Diets and the Correction of them 


Diet A (Table L) is of a type in common use in Southern Asia. 
It is deficient in almost all nutrients, and becomes a beriberi-producing 
diet when the amount of highly milled rice is increased to furnish the 
calories needed by active labourers. 

The substitution of lightly milled or parboiled rice for the highly 


milled rice, and an increase in i 
; quantity of most of the stuff 
corrects the diet. ee 
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Diet A (on a man unit basis) 


oz. 
Highly milled raw rice . 13 

Millet (Eleucine) ee 
Pulse (lentil) . 0 
Dried fish 0- 
Vegetable fruits 2: 
Sugar 1 


(Various condiments). 


COUN 


Values 
Calories . Sel 700 
Protein . . 42 gm. 
Fat. , - 18 gm. 
Carbohydrates. 365 gm. 
Calcium . ; 0:27 gm. 
Vitamin A . 400 1.U. 
Thiamine : 0:56 (0-36)* 
Riboflavin : 0:27 
Niacin. pee 12m 
Ascorbic acid . 10mg. 


* ug./N.F.C. (see p. 86). 


Diet A Corrected (on a man unit basis) 


OZ 
Parboiled rice 12 
Millet . 4 
Pulsesa. : ‘ ee 
Dried fish. oe 
Roots (sweet potato) 2 6 
Vegetable fruits 4 
Vegetable leaves 2 
Sugar I 
Coconut 4 
(Various condiments). 


Values 
Calories . . 2,600 
Protein . , tafe} (eae et 
Fat. ; 50 gm. 
Carbohydrates . 470 gm. 
Calcium . : 0-55 gm. 
Vitamin A 3.00 LLU 
Thiamine : 1-4 mg. (0-67)* 
Riboflavin : 1-0 mg. 
Niacin . 5 lehiaate 


Ascorbic acid . 56mg. 


* ug./N.F.C. (see p. 86). 


Diet B (Table LI) is a type of diet consumed by the labourers of 
some countries where maize is the staple cereal. 


TABLE LI 
Diet B (on a labourer’s basis) 
OZ. Values 

Yellow maize ; wee i6 Calories . . 3,000 
Wheat flour (white) Rat? Protein . . 70 gm. 
Sweet potatoes re on Fat. - 60 gm. 
Fat pork : 3 Carbohydrate . 540 gm. 
Vegetable gourd 4 Calcium , 0:75 gm. 
Molasses 2 Vitamin A . 3,500 1.U. 
Bananas 4 Thiamine - 1-8 mg. (0°73)* 

Riboflavin : 0-70 mg. 

Niacin . . 17mg. 


Ascorbic acid . 40mg. 


* ug./N.F.C. (see p. 86). 


Diet B Corrected (on a labourer’s basis) 


Oz 
Yellow maize 13 
Sorghum : - eed 
Sweet potatoes : ee 
Sprouted soya beans = ofl 
Ground pea . 1 
Fat pork i 3 
Vegetable leaf 2 
Molasses 1 
Bananas 4 


Values 
Calories . . 3,000 
Protein . eo eins 
Fat. . 2 ein, 
Carbohydrates. 513 gm. 
Calcium . ; 0:75 gm. 
Vitamin A . 5,000 1.U. 
Thiamine ; 2 mg. (0°85)* 
Riboflavin : 0-90 gm. 
Niacin . yeaa 


Ascorbic acid . 100 mg. 


* ug./N.F.C. (see p. 86). 
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The main deficiencies of uncorrected Diet B are in niacin and 
riboflavin. It will be noticed that the amount of niacin is 17 gm., 
the same amount as in corrected Diet A, but the caloric value is greater. 
It is a common experience that diets which are known to be pellagra- 
genic often appear on analysis not to be markedly deficient in niacin. 
The maize has a low value in tryptophane and may contain vitamin 
inhibitors. In the corrected diet, sorghum, sprouted soya bean and 
ground pea increase the amount of vitamins and tryptophane to a 
fairly safe level; though even as corrected the diet is not optimum. 

An example of a well-balanced diet suitable for hard work in a 
tropical climate is the “‘ Field Scale of Rations for Indian Troops,” 
given in Table LII. 

TABLE LI 


Field Scale of Rations for Indian Troops 


Carbo- 
Amount! Calories | Proteins | hydrates} Fats 
OZ. . ; gm. 


Rice . : 

Atta (wheat). 

Dhale: : 

Ghee . ; 

Meat with bone 

Milk, tinned. 

Onions 

Potatoes 

Vegetables 

Sugar . : : 

Tea, chillies, garlic, 
ginger, turmeric. 

Salt : ; 








PORBNNOANW 
11 | UcSrrew 


oh 
oO 
jm) 











Totals 














An addition of 2 oz. each of rice and atta are allowed during cold weather. 


CHAPTER XVI 


DIETS IN HOSPITALS, PRISONS AND OTHER INSTITUTIONS. 
LABOURERS’ DIETS. INFANT AND CHILD FEEDING 


Hospital Diets 


Tue diets of the hospitals in different countries must be largely of a 
pattern with the general diets of the population concerned. The 
staple cereal may be maize, rice, wheaten flour or other cereal grains. 
Roots may or may not be used in large amounts. The only flesh 
available may be fish in a coastal area, or meat in an inland town. 
Some races are addicted to potent curries, others avoid them. 

Prescriptions for diets for non-paying patients of hospitals should 
comply with the following :— 

(1) The diets should be adequate in quality and quantity. 

(2) The prescription should be such as to guard against corruption 

and waste.+ 

(3) The diets should be reasonably cheap. 

A common source of waste is the prescription of too much cereal 
food, giving hospital diets too high a caloric value. 

Lusk’s estimate of the calories needed in temperate climates by an 
average man at rest in bed was 1,840 calories a day, and 2,168 calories 
a day when spending 8 hours in bed and 16 hours sitting in a chair. 
These figures are too high for tropical conditions (see p. 309). The needs 
of hospital patients are not the same as those of healthy persons; in 
some cases the caloric requirements are less, due to nausea or poor and 
variable appetite, and in other cases they are greater, as with many 
surgical patients (see p. 171) and those who are convalescing. 

A general average of 2,200 calories is sufficient for diets divided 
among the men and women of a hospital. If the diets are properly 
served so that each patient receives no more than he or she can 
conveniently consume, there will not be more than 10 per cent. of 
waste from the plates. A common practice of handing round plates 
each containing the same amount of food regardless of the appetites 


: ‘ets in many hospitals in tropical countries are inadequate in quality mainly 
he segeteemepe Get ate not provided; this may lead to slow oe, and 
defeat the aims of good treatment. On the other hand, the prescribed slag ag oO some 
of the cheaper foodstuffs, such as maize, rice, bread, roots and sugar are 0 ten iamaphe 
This has led to corruption due to contractors and stewards coming to persona arrang 


ments as regards the excess. 
at 
T.N.D. 321 
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of the patients should not be allowed. Some waste is unavoidable, 
as when convalescent patients, who have been eating heartily, have 
relapses, such as a return of fever or an attack of indigestion, and leave 
much of the meal on their plates. Large and hearty patients can be 
allowed the staple cereal (maize, rice or bread) as an extra. 

The following notes are of general application in prescribing diets and 
drawing up diet contracts for hospitals and other institutions in 
tropical countries :— 

(a) The diets should be richer in protein, vitamins and minerals 
than the diets in general use among the labouring classes, because 
many patients enter hospital in a state of malnutrition. 

(b) Bread should be made from high extraction flour. But it may 
be necessary to have white bread or patent white flour for patients 
with digestive disturbances. Rice should be lightly milled or 
parboiled. Here again it may be necessary to supply some highly 
milled raw rice and provide the vitamins and minerals in other 
foodstuffs or by yeast or pharmaceutical preparations. Where 
it is possible there should be two cereals in hospital diets—rice 
and bread, maize and bread, maize and millet, etc. 

(c) Pulses must be supplied in the most digestible forms. Boiled 
beans and grams are suitable only for robust patients admitted 
for injuries. Dhalls, pea flours for soups, sprouted pulses as 
vegetables, and special preparations such as soya bean curd are 
acceptable. But more than about 1 oz. of pulses a day is as much 
as is suitable for most patients, except in the later stages of con- 
valescence. 

(d) Vegetables may be placed in four categories: (1) Roots fall into 
two groups, those of substantive values, and those of lower 
caloric value; the former may enter largely into hospital diets 
in some countries, and are sweet potatoes, taros, tannias and 
yams. Contractors are apt to supply roots with high fibre content 
which do not sell well on the local markets; only those varieties 
having a good local reputation should be accepted. Manioc 
roots, as a daily article of diet, should be avoided for hospital 
patients. Onion, beetroot, carrots, and radish are roots of lower 
caloric value. (2) Leaves. Any dark green leaf such as cabbage, 
mustard leaf, kangkong, chekur manis, and many others (see 
p. 244), in more or less common use should appear daily in small 
quantities in the diets. The leaves should not be sere or yellow, 
or withered, and there should be a minimum of inedible stalk. 
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Leaves vary in their composition, and therefore it is important 
that one kind of leaf should not be given monotonously day after 
day, the changes should be rung among a number of leaves. 
(3) Vegetable fruits. These should be limited to the better kinds, 
among which are: beans in pods (string beans), tomatoes, drum- 
sticks, lady’s fingers, brinjals (egg plant), plantains, bamboo 
shoots and sweet maize. Green string beans may be considered 
interchangeable with green leaves, and bread fruit and jak fruit 
may be interchangeable with starchy roots. (4) Gourds. None 
has high nutritive value: most contain about 95 per cent. of 
water. Yellow pumpkin, snake gourd and bitter gourd are the 
best of them. Gourds should not be allowed to be the only 
vegetable in a daily diet. The more watery, such as ash gourd 
and water pumpkin, might be excluded in hospital diet contracts. 

(e) Fruits. The foodstuffs considered under the term vegetables 
and dessert fruits are more or less interchangeable. Fruits need 
not be prescribed in the ordinary diets if careful attention is 
paid to a good supply of vegetables. Where bananas are cheap 
they should be supplied daily. 

(f) Nuts. The coconut appears in the daily diets of large numbers 
of the populations of South-East Asia. Well husked nuts range 
in weight from about 24 oz. with 103 oz. of kernel to 48 oz. with 
19 oz. of kernel. It is better to weigh nuts than to count them: the 
average weight may be taken as 30 oz. (see Appendix X, p. 444). 

(g) Meats. All kinds are acceptable in conformity with the dietary 
habits of the people being catered for. Meat must be bought with 
bone when it is to be cooked as chops or joints. But when it is 
to be used in stews and curries it is better to contract for “ meat 
without bone.” Bones and meats for soup should be contracted 
for separately. A daily supply of liver and other offals is needed 
at all hospitals; they are rich in vitamins and greater use should 
be made of them. 

(h) Fish. Most kinds of large fish are acceptable whether fresh, 
dried or salted. Small sprats and whitebait, the whole body of 
which is eaten, are valuable to supply calcium for children and 
women during the period of maternity. There are fish of a size 
between sprats and large fish which have big heads and much 
bone which should not be supplied. . 

(i) Eggs. The eggs of the ordinary fowls of most tropical countries 
are small and it may be necessary to accept eggs for hospital 


2) a 
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diets with an average weight of 14 oz. unless eggs from imported 
strains of fowls are obtainable. 

(j) Milk. Unless fresh milk can be obtained from a well-managed 
dairy subject to inspection by the Public Health Authorities, it 1s 
better to reconstitute it from whole milk powder, or from skimmed 
milk powder and butter. To reconstitute milk there should be in 
each hospital an emulsifying and cooling machine. Milk recon- 
stituted by hand is liable to become infected. 

(k) Oils and Fats. Vegetable oils, lard and ghee may be used for 
cooking. Butter or vitaminized margarine may be reserved as 
spreads. Coconut oil may be mixed with red palm oil in the 
proportion of four to one for cooking purposes. The latter is 
somewhat high flavoured and rancid, but it corrects the deficiency 
of the former in unsaturated fatty acids and carotene. 

(1) Kitchen Extras. May be prescribed apart from the diets, but 
should be kept to a minimum. Among those needed will be salt, 
vinegar, cooking oils and fats, pepper, marmite, extract of beef, 
and a few proprietary foods. 

(m) Correcting Prevalent Deficiencies. When diets for hospitals 
or other institutions are being laid down, any prevalent deficiencies 
among the population concerned should be taken into account, 
and the nutrients known to be deficient in the daily diets should 
appear in generous amounts in the prescribed diets. Riboflavin 
is so commonly deficient in labouring class diets of the tropics 
that it may be taken as a token nutrient, because when it is present 
in adequate amounts it is highly probable that all the vitamins of 
the B complex will be adequately supplied. Unfortunately, most 
common articles of diet rich in riboflavin are of animal origin and 
are expensive. 

There are three fairly cheap substances rich in riboflavin, one 

or more of which can be incorporated into almost any diet :— 

(a) Yeast (see p. 302). 

(5) Rice Millings (bran). These contain a high percentage of 
phytin and are usually dirty. Stocks can be obtained from 
mills where the paddy is well cleaned before milling. When 
millings are placed in muslin or thin canvas bags and thor- 
oughly kneaded in warm water, a high percentage of the 
water soluble vitamins go into solution, but the phytin 


remains in the bran. Soups can be prepared from such an 
extract. 
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(c) Skimmed Milk Powder. This may be a cheap method of 


supplying many nutrients, and is needed for patients in the 
surgical wards (see p. 171). 


It is probable that in the near future there will be produced various 


powders of vitamins and other nutrients suitable for enriching any 
diet. 


Methods of Contracting for Diets 


Two methods are in common use :— 

(a) The contractor is supplied with a schedule of the diets, and the 
contracts are in the form of the price of each diet. The number 
of patients on each diet is stated on a daily order. The contractor 
calculates and supplies the amounts of foodstuffs required. The 
steward in the hospital makes a similar calculation to check the 
deliveries. 

(b) The contractor is not supplied with a schedule of the diets, and the 
steward calculates and orders the amounts of foodstuffs needed 
in the daily diets prescribed for all the patients in hospital. 

The second method is more satisfactory for large hospitals, but the 

first method may have administrative advantages for small hospitals. 


Supervision of Catering 


The feeding of patients in hospitals is of such importance that it 
should be supervised by someone who has had training in dietetics 
and institutional management. The work of a supervisor would 
include: planning the organization of the kitchen with adequate 
equipment, planning the menus of all prescribed diets, ordering the 
provisions, checking the deliveries, preparation and cooking to 
preserve the vitamins and other nutrients, serving the diets and the 
prevention of waste. 


Schedules for Hospital Diets 


Two schedules, one for Malaya and the other for Ceylon, as drawn 
up by committees of experts are given in Appendices XII and XIII, 
pp. 446 and 450. 


DIETS IN LEPER ASYLUMS AND MENTAL HOSPITALS 


It is right that persons who are compulsorily segregated should be 
well fed. But the difficulty is to guard against excessive waste. The 
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author’s experience has been that successful pig or poultry farms in 
the immediate neighbourhood of large asylums are fair indications 
that the diets of the inmates are excessive in quantity although they 
may be very poor in quality. 
The following is a daily diet in use in a leper asylum :— 
i able 4 oz., bananas 3 oz. 
oF canietene paid arr ee pe ee walk 3 oz., coconut oil } 0z., 


coconut kernel 6 oz., limes 4, green chillies 2, salt } oz., curry stuffs 1} 0z., fresh fish 
8 oz., or beef 8 oz., or dried fish 4 0z., or eggs 4. 


This diet represents between 3,000 and 4,000 calories. There was 
much waste from it. Men and women lepers have irregular and 
capricious appetites and on an average consume daily diets with 
values of about 2,000 calories. The rice should be reduced to 9 oz., 
the bread to 2 oz., the pulses to 1 oz., and the sugar to 1} oz. 

In the same asylum there is a light diet consisting mainly of bread, 
milk and fruits. The infirmary diets contained a few luxuries not 
appearing on the diets of the non-paying patients in the general 
hospitals of the country. 


PRISON DIETS 


Many studies of the signs and symptoms of dietary deficiencies 
have taken place among the prisoners of jails in tropical countries, and 
this is an obvious reflection on the diets prescribed for them. 

Much has been debated on the matter. It may be urged that prison 
life should be made as unattractive as possible and that a criminal 
should receive a poorer diet than he has been accustomed to in free 
life. The answer to this, for most tropical countries, is that many 
prisoners come from indigent classes, and when they enter the jails 
they are already showing signs of, or are in, a sub-clinical condition of 
malnutrition, and that extreme penal diets will seriously affect their 
health. In one jail the new prisoners were given for a fortnight a 
penal diet (No. 1) consisting of cereals 21 0z., vegetables 4 0z., coconut 
3 0Z., lime }, pepper and salt, and thereafter for the next eleven months 
they received a more generous penal diet No. 2, and after this were 
placed on the ordinary diet No. 1, which was nearly, but not quite, 
nutritionally sound. The mortality rate in this jail was four times 
higher than that among the members of the free population of similar 
age and social status. The elimination of penal diet No. 1 and the 
improvement of the other diets led to a gradual fall of the mortality 
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rate until it reached that existing among the free population. A jail 
sentence should not include an enhanced risk of death. 

The following diets for labouring class prisoners are in use in the 
prisons of a tropical country and have proved fairly satisfactory :— 


Penal diet Ordinary No. 1 Ordinary No. 2 
Oz. 
Bread. Aer! This is the same as This is the same as 
Parboiled rice . ~ 18 penal diet plus 23 oz. penal diet plus 2 oz. 
Dhal_.. ae of fish and 4 oz. of of fish, 2 oz. of beef 
Plantains (green) ie sugar daily. and 1 oz. sugar daily. 
Vegetables 4 
Coconut . 6 
Lime . ¢ 
Onions . . + 
Chillies (ripe) 2 
Pepper to 
Salt . 4 


There are punishment diets which are only allowed for three days 
consecutively. 

Prison Hospital Diets should be generous, so that the stay in hospital 
and the period of convalescence is short. Among the diets in the 
hospital of a prison is the following “ high vitamin ”’ diet :— 


Hand-pounded rice 12 oz., dhall 3 0z., liver 8 0z., eggs 2, milk 20 oz., leaves 4 02z., 
tomatoes 4 oz., marmite } oz., sugar 1 0z., limes 1, salt and various condiments. 
In many tropical countries roots enter far more largely into the 
diets of prisons than in the examples given above. 


DIETS FOR LABOURERS 


“ Much labour in tropical countries is notoriously inefficient at 
present and there is striking evidence of the extent to which this is 
due to malnutrition.” This statement occurs on Pp. 92 of the First 
Report of the British Economic Council on Nutrition in the Colonial 
Empire. No one, who has had experience among labourers in mines, 
on railway construction, or on many estates, can have any doubt about 
the truth of this statement. 

At one time it was a common practice to supply gangs of recruited 
labourers with an ample quantity of maize, rice and other cereal and 
to make little or no provision for other foodstuffs; and the result in 
most cases was appalling morbidity and mortality rates. Even at the 
present day there are laws in more than one country by which estate 
owners must supply their labourers with an amount of rice of a value 
of somewhat more than 2,000 calories per day (man unit value), but 
there are no clauses in reference to any other article of diet. Such 
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is the power of legal enactment that although the amount of cereal 
may be excessive for good health, yet other foodstuffs to help balance 
the diet may not be substituted for some of the cereal. 

The report mentioned above gives examples to show that the 
employers benefit from the improved performance and contentment 
of properly fed labourers. For instance, the Central Mining-Rand 
Group of South Africa, employing 300,000 labourers a year, found 
that it was a business proposition to supply them with adequate and 
properly cooked meals because it resulted in increased efficiency. 
Again, following an improvement on “ the diets of the Union Miniere 
properties in the Katanga, the mortality rate between 1926 and 1932 
fell progressively from 53 per thousand to 8 per thousand.” 

The type of comestibles available for the labouring classes varies 
greatly in different parts of the world. 

The following diet was provided by gold-mining companies in 
Kenya :— 

‘** The morning and midday meals consisted of maize-flour gruel; the evening meal 
of maize-flour porridge with the following supplements :— 


Monday wes 1 lb., cooked with vegetable (curly kale, carrots, onion and 
chillies). . 

Tuesday Vegetables cooked in ghee (curly kale and tops of leeks). 

Wednesday Meat | Ib., with vegetables (tomatoes, green beans and onions). 

Thursday Beans or mixed vegetables cooked in ghee and lemons. 

Friday Meat 1 lb., with vegetables (curly kale, mint, beetroot and leeks). 

Saturday Beans or mixed vegetables cooked in ghee. Bananas if available. 

Sunday Soup of green gram and ghee. 


Hot cocoa was also served to the labourers.” 


More use might have been made of grams and other pulses in the 
above diets. 

Very different are the types of diets in use on rubber estates in the 
East. A survey carried out on a large rubber estate showed that the 
foodstuffs and the approximate amounts of them were as follows:— 


TABLE LIII 
Oz. per man unit 
value per day Constituents 

Cereals: Carbohydrates - 590 gm. 

Parboiled rice. ; ees Total fats : . 24 gm. 
Pulses: Animal fats. : 0:2 gm. 

Dhall, ete. . . : 5 pe Total protein . . 709m. 
Flesh foods: Animal protein A 4-0 gm. 

Dried fish . ; ; Os Calcium ; : 0-23 gem 
Vegetables: Phosphorus . : 1:03 em. 
: Roots, green leaves, etc. = "0 Iron. : . 18-6 gm 
Shae P : 2 Energy . : - 2,890 calories 


And various condiments. 
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The diet shown in Table LIII is deficient in animal proteins, fats, 
caicium, vitamin A and riboflavin. And the following type of diet 
was recommended as an improvement :— 


Parboiled rice 16 0z., millet, maize or other cereal 3 o0z., pulses 2 0z., vegetable leaves 
2 oz., vegetable fruits 3 oz., roots 3 oz., dried sprats 2 oz., dried fish 2 oz., or fresh 
meat or fresh fish 4 0z., coconut kernel 3 oz., sugar 1 oz. 


THE FEEDING OF INFANTS AND “ PRE-SCHOOL ” 
CHILDREN 


The weaning of healthy infants between the 7th and 12th month 
usually offers little difficulty provided a supply of milk is available. 
But untimely weaning, which must take place when the milk of the 
mother fails, or she falls sick of some serious disease, or becomes 
pregnant, is a more difficult matter. 

The milk of some animal must obviously replace the mother’s milk, 

and the three most commonly available are cows’, buffaloes’ and goats’ 
milk. The composition of the milk of various animals has been shown 
to depend to a great extent on the rate of growth of the progeny (see 
p. 39). The human infant is relatively very slow in growing and 
human milk contains far less protein and fat than the milk of any of 
the ruminants. 
/It follows that whatever milk is used for the early weaning of a child 
it should be diluted with water. Table LIV shows the percentage 
composition of the milk of three ruminants; and their dilutions with 
equal parts of water are compared with human milk. 

It will be seen from Table LIV that the diluted milks are far from 
being of the same percentage composition as human milk. They all 
contain far less carbohydrates; and those from cows and goats contain 
less fat. 

The diluted milks can be corrected in respect of the carbohydrates 
by adding one level teaspoon (4 oz.) of white cane sugar (or lactose) 


TABLE LIV 










Cows’ milk Buffaloes’ milk Goats’ milk 





Undiluted| Diluted |Undiluted| Diluted Undiluted Diluted 
lin 1 1 in 1 hain 























Proteins . ; 1-5 3°3 1:6 5 2:5 4 2:0 
Carbohydrates . 6°5 5-0 Ze > 2S 5 2‘ 
Fat. . P 3°3 4-0 2:0 7°5 3°7 4 2:0 
Minerals . 0-15 0°8 0:4 0:8 0:4 0:8 0:4 
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to 4 oz. of milk. This renders the milk satisfactory for most infants. 
Some infants will thrive better if a teaspoonful of cream is also added 
to each 4 oz. of milk. Buffaloes’ milk when first given to an infant 
may require a greater dilution than one to one. 

When both sugar and cream have been added to diluted cows’ 
milk it is said to be “‘ humanized.” This is an absurd term because 
the quality of the proteins and fats of human milk is very different 
from that of the milks of ruminants. The protein lactalbumen is more 
digestible than caseinogen, and human milks contain equal parts of 
these proteins, whereas a ruminant’s milk has about four parts of 
caseinogen to one part of lactalbumen; furthermore, human caseino- 
gen is more digestible than ruminants’ caseinogen. The fat of human 
milk is more finely emulsified than that of the milk of ruminants and 
hence is more easily digested. The curd of ruminants’ milk, formed 
in the stomach of an infant, is firm and dense, whereas that of human 
milk is loose and granularx, 

When the calcium of milk is precipitated by sodium citrate the 
curd formed is less dense. 

The curd of buffaloes’ milk is particularly dense, and when this 
milk is used for infant feeding, sodium citrate to the amount of 1-2 gr. 
(0:06-0:12 gm.) per oz. should always be added. 

The average normal infant of the tropics requires daily from about 
35-40 calories per lb. (0-45 kg.) body weight. 

Table LV gives the amounts of cows’ milk and sugar required by 
infants from birth to the 9th month of life. 


TABLE LV 
Weight of sees 
ana Cows’ milk Calories 
lb. 

1st month p : 6 — 84 
2nd month . : 83-114 
3rd month . : 114-13 
4th—6th month ; 13 -16 


7th-9th month , 16 -184 





It must be remembered that the figures in Table LV are rough averages 
and that some small weakly infants will not be able to digest these 


amounts, whereas large healthy infants will require somewhat larger 
amounts. : 
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All milk given to infants should be “‘ pasteurized” by heating it 
to 70° C. to destroy pathogenic germs. But the safest practice under 
tropical conditions is to heat the milk to boiling-point. 

A good brand of dried milk powder can replace fresh milk, and 
under certain conditions is to be preferred to fresh milk. 

A little juice, strained and sweetened, from a citrous fruit, guava, 
tomato or other good source of vitamin C should be given daily. 
A fish-liver oil or other preparation rich in fat soluble vitamins should 
be given two or three times a week. 

When children are being artificially fed there is one mixture upon 
which many of them will thrive; it is ripe banana,’ freed from fibre 
and mashed up in milk. This may be given as early as the third 
month, but at first a very small amount of the banana should be 
given. 

Weaning of Children. The mother’s milk may be supplemented 
by other milk from about the 7th month. It has been considered 
that the eruption of the first incisor teeth is an indication to start 
weaning. Among many races the mothers suckle their children as 
long as they have milk, and this may extend to two years or more. 
This is of benefit to the child in those countries where other milk is not 
available. 

The following are types of diets suitable for children from the 9th 
to 36th months of life:— 


A Daily Diet for Infants from 9 to 18 Months 


Ist meal Milk and cereal gruel (rice, maize, groats or white flour) with banana 
(morning) and a little fruit juice. 
2nd meal Milk. 
(mid-morning) 
3rd meal Bone broth with boiled cereal. 
(midday) ; Pee 
4th meal Milk and cereal gruel, with a little fruit juice. 
(afternoon) 
5th meal Milk. 
venin 
“igimaad A Daily Diet for Children from 18 to 36 Months 
Breakfast Milk with cereal gruel or roti, a banana and fruit juice. 
Midday Cereal (rice, maize, millet, etc.) with minced meat or fish or well-boiled 


lentils, green vegetables and mashed roots. (Sprats or whitebait should 
be given once or twice a week where possible.) _ 

Afternoon Milk and cereal preparations or curds may be given. 

Evening Cereal with soup made from bones. 


The wealthier classes will include eggs, and good proprietary foods 
(such as Allenbury’s or Mellin’s) in the diets of their children. 


2 Great care is needed that the banana is not overripe. 
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MEALS FOR SCHOOL CHILDREN 


The provision of a free meal for all school children is the accepted 
practice in most countries with adequate resources. The points in 
favour of it are: (1) Much of the high morbidity and mortality rates 
among the children of tropical countries is due to malnutrition and to 
combat this, giving an adequate daily meal is an important public health 
action. (2) The schools are usually far apart so that many children 
cannot return home for a midday meal. (3) Malnourished children 
are not readily receptive of knowledge. (4) The best asset of any 
country is a robust well-grown labouring population, and this can be 
obtained only by the adequate feeding of the children. (5) The pre- 
paration and cooking of meals on the school premises can be used to 
teach good dietary habits, which will have an important influence 
during the lifetime of the children. (6) The meals can be prescribed 
so that any deficiencies known to be prevalent in the diets of the 
children are corrected. 

Perhaps the most famous school meal is the Os/lo-breakfast; which 
was introduced into the public schools of Oslo, Norway, in 1929. 
It is a very nutritious meal consisting of a rye biscuit, a few slices of 
bread of high extraction flour, vitaminized margarine, whey cheese 
and cod-liver paste, } litre (114 0z.) whole milk, one raw carrot, one 
apple or half an orange. The meal is served 45 minutes before classes 
begin. It is free of charge, and all school children may take it irrespec- 
tive of the economic position of their parents. The great variety of 
cheap highly nutritious foods that make up the diet is worthy of note. 

Although the Oslo breakfast may be helpful in prescribing school 
meals in other parts of the world, obviously it cannot be copied in 
tropical countries. The composition of the meal must depend upon 
local dietary habits and the foodstuffs cheaply available. 

Milk is one article of diet generally advocated for children. Un- 
doubtedly where milk is plentiful it should appear in the school meals, 
but it cannot be supplied in sufficient quantities for school meals in 
the great majority of tropical countries. Where it is available, either 
fresh or dried, it is better used cooked in with the cereal, soup, stews, 
boiled roots, cakes or other foods than as a drink (see p. 288). 

Much ingenuity may be needed to supply a daily school meal which 
has high nutritive value, is easily served and within the financial 
resources of the country. A kitchen in each school where the children 
can take turns to obtain knowledge and practice in preparing and 
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cooking the daily meal is desirable though not always possible. It 
may be necessary to distribute soups or biscuits from a central depot. 

The caloric value of a school meal should be 900 calories for children 
over 11 years of age, 700 between 6 and 11 years and 600 below 6 years. 
An average meal of 700 calories will be ample under tropical conditions. 

The following has been prescribed for the schools of an Asiatic 
country :— 

Parboiled or lightly milled rice 5 oz., dhall or gram } 0z., dried 
sprats 4 oz., vegetables 2 0z., coconut kernel 1 oz., and a few 
condiments. 

Soups may be made with a mixture of cereals and dhalls or grams, 
vegetables and a little powdered dried fish; and the vitamin value 
raised by a little dried yeast. 

Cakes can be made with a mixture of cereal and pulse flour, with 
powdered dried fish and yeast. 

In all cases it is necessary to have more than one prescription to 
prevent monotony. 


CHAPTER XVII 


PUBLIC HEALTH ACTIVITIES IN RELATION TO NUTRITION: 
DIETARY SURVEYS, NUTRITIONAL SURVEYS 


THE provision of adequate diets for the masses of any country has wide 
reference far beyond legitimate medical activities. It is proposed, there- 
fore, first to discuss the medical aspects, and then to indicate briefly 
the numerous activities needed in other walks of life. 

The medical work falls into two general categories: (a) investiga- 
tional to discover the nature of the diets of the population and any 
prevailing deficiencies in them, and to determine the nutritional state 
of the masses; (5) work to correct the dietary defects revealed by these 
investigations and to give practical application to nutritional knowledge 
in general. 

The investigations will need to be carried out over a period of at 
least one year and may be divided into four headings: dietary surveys, 
nutritional surveys, laboratory work and vital statistics. 


DIETARY SURVEYS 


The method which gives results of most value are individual and 
family enquiries. The data are of a qualitative and quantitative 
nature; the former can be quickly carried out among thousands of 
persons, whereas the latter requires far more time and work among 
a limited number of persons. 

Qualitative Surveys. It is advisable that these should first be made 
so as to obtain a knowledge of all the foodstuffs, and the relative 
proportions of them, commonly consumed by the classes of various 
social status in the country. This can be done by a systematic ques- 
tioning of a large number of school children in the primary, secondary 
and college class schools, and can be carried out by school inspectors, 
or trained sanitary assistants. It is advisable that there should be only 
one visit of inquiry in each school, or the answers of the children may 
become sophisticated; and therefore other schools in the same district 
should be visited in subsequent seasons. 

A description of one of these Surveys carried out among many 
thousands of school children in the various districts of Ceylon will 
indicate the information which may be gathered. Appendix XIV, on 
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p. 453, gives the instructions which were issued to the school inspectors, 
and the form which was filled in for each child. All the completed 
forms were sent to a central office where they were studied and sum- 
marized. The daily index, which is the number of times a day each 
child on an average received a particular foodstuff, is obtained by 
dividing the number of times the foodstuff is named in the forms by 
the number of children questioned. Table LVI gives a general 
summary of the answers received from the boys attending schools for 
three social classes. The table shows that on an average the children 
of the primary schools receive three meals a day (index 2-99), whereas 
those of the college schools receive four meals (index 3-97), and those of 


TABLE LVI 


General Summary of a Qualitative Dietary Survey 


Primary schools | Secondary schools College 
daily indices daily indices daily indices 


Cereals: 
Milled rice .« : ; “49 
Unmilled rice : 
Other rice foods . : 
Bread or other cereals . 
Pulses . ; : 
Foods of animal origin: 
Dried fish . 
Fresh fish . 
Meat. z 
Milk or curds 
Vegetables 
Fruits . 
Curry or sambol 





the secondary schools a little less than four meals a day (index 3-88). 
The staple article for all classes is rice, and milled rice was used twice 
as often throughout the whole country as home-pounded rice. 
Comestibles of animal origin were taken nearly three times more 
often by the college boys than by the boys of the primary schools, and 
the secondary boys were intermediate in this respect. Milk is taken 
by all classes far less often than is desirable, and the children of the 
primary schools rarely obtain it in any form. The indices of the 
vegetables indicate variety, and the better-class boys obtain more 
kinds of these on a daily average than the poorer classes; the same 
applies to fruit. The high indices for curries and sambol show that the 
majority of the meals of all classes are highly seasoned with condiments 
and those of the poorer classes are pre-eminent in this respect. 
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The summary given in Table LVI brings out only a few of a large 
number of points of information which were obtained by this survey. 
It was found in some towns that unmilled (hand-pounded) rice was 
seldom, if ever, used, whereas in some rural areas it was the only 
form of rice consumed. Again, there were areas where a millet 
(Eleusine coracana) formed the main article of diet of the villagers at 
certain seasons; and in one particular locality the seeds of the lotus 
plant (Nymphea nouchali) were harvested at the beginning of the dry 
season and made into various preparations to eke out the stores of rice. 
The populations along the coasts used mainly fresh fish, but those 
of the inland parts obtained only dried fish. The surveys also brought 
out the types of fish eaten and the seasons when shell fish were obtain- 
able. The use of dried sprats among the lower classes often added a 
much-needed supply of calcium to the diets. In other summaries 
the vegetables were placed in four categories: leafy vegetables, fruits 
(such as ladies’ fingers (Hibiscus esculentus) and plantains), gourds 
and roots. It was found that leaves from nearly thirty different species 
of plants were used with varying frequencies, and that in certain areas 
the fruit vegetables were confined to one or two varieties only, and that 
in other localities manioc and various yams were consumed in con- 
siderable quantities at certain seasons of the year. The seasonal 
variations in the diets were far more marked in the dry zones than in 
the wet. Millets, coarse vegetables and certain pulses were avoided 
by the wealthier classes. Attempts to correlate mortality rates with 
dietaries brought out some points of interest. The diets in two districts 
where the mortality was higher than in any other parts of Ceylon 
consisted mainly of milled rice and fish with surprisingly small amounts 
of fresh vegetables and fruits. 

Quantitative Surveys have much greater values than qualitative 
surveys, but they present far more difficulties. They may be divided 
into five stages: (1) preliminary investigation; (2) training assistants; 
(3) carrying out the surveys; (4) assessment of the nutritive values 
of the recorded diets; (5) presentation of the results. 

Preliminary Investigation. This entails obtaining a considerable 
knowledge of the country and the population. Statistics concerning 
the imports and exports of foods, the crops grown in the country, 
the meat, egg and milk production, and the fishing harvests must be 
studied in conjunction with the census of population. In some 
countries these statistics are so well compiled that the consumption 
of various foods per head of the population can be approximately 
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estimated; although this is not the case in most tropical countries, 
yet much valuable information can be obtained from these statistics. 

The regional conditions require attention; there may be dry zones 
and wet zones with marked differences in the amounts and kinds of 
the garden produce and field crops grown. 

In all countries there are town and village markets and a visit to 
these at the different seasons of the year to record the kinds and 
quantities of provisions on sale is informative of the comestibles in 
use throughout the year. When unfamiliar fruits or vegetables are 
seen in the markets, local names will not be sufficient for the records, 
the botanical names should be stated. Visits should also be made to 
vegetable gardens. 

Any methods of storage, the existence of store-huts, wattle bins, 
burying in pits, or hanging food from the rafters, should be noted. 

In countries where there are food taboos, or unfamiliar practices 
in feeding infants and pregnant or lactating women, these should 
be noted. 

The division of labour between men and women is not always the 
same; it is customary among some tribes for the women to do much 
of the heavy work, which obviously affects relative dietary requirements. 

There may be seasons of employment and unemployment with times 
of plenty or of scarcity. 

Feast days with heavy feeding are far more numerous in some 
countries than in others; they must be distinguished from those holidays 
in which it is not the custom to feast. The European Sunday has been 
adopted in many lands without affecting the local festivals. 

Much local information may be obtained from various Government 
Departments, in particular the departments of Agriculture, Animal 
Husbandry, and Marketing. 

The customs in all countries vary from class to class and from 
district to district; it should not be assumed that any group of persons 
have a knowledge of the ways of life throughout the country. It is 
desirable, therefore, that records of the preliminary investigations are 
made before the training of the assistants. 

Training Assistants. Sanitary inspectors, district nurses, midwives 
and social workers who have just finished their respective general 
training are suitable for special training to carry out dietary surveys. 
They should be selected for personal traits of tact and sympathetic 
outlook likely to gain the confidence and co-operation of the members 
of the families whose diets are to be recorded. This special training 
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is of value to all whose work will be concerned with public health or 
social welfare, because it teaches them the necessity to be in concord 
with the people among whom they will work. Women are generally 
more satisfactory than men for these surveys, in that they have more 
knowledge and interest in household affairs in common with the 
women of the families whose diets are to be recorded. 

The training consists in teaching the general principle and simpler 
facts of nutrition and dietetics, the method of making accurate records 
of all the details required in the surveys, and the methods of working 
out the nutrient values of the diets from analytical tables. It will be 
necessary for the trainees to make a number of trial surveys to be 
scrutinized and corrected by the lecturer, this will indicate where 
mistakes are likely to arise, and help to limit the number of records 
which it may be necessary to discard in the future surveys. 

Carrying Out the Surveys. The circumstances are so different from 
country to country that the details for each survey must be planned 
by those who have made the preliminary investigations. 

The object being to obtain accurate data of the quality and quantity 
of the diets consumed by the poorer classes at all seasons of the year, 
it is nécessary, in countries where conditions are different in different 
parts, to divide the country into districts each having more or less 
uniform conditions, and to carry out a number of short surveys in each 
district at intervals throughout the year. At least six assistants should 
be employed on a survey in one district. Three villages or areas some 
distance apart, but where conditions are very similar, should be 
selected. Two assistants should work in each village, collecting data 
concerning six to twelve households. Thus each pair working inde- 
pendently will be a check on the others, for there should be close 
conformity in the data collected from the three similar areas. 

Ten days is in some cases a convenient length for a survey, which 
should not last longer, because housewives are likely to tire of the 
invasion of the privacy of their lives, and the interest arising from the 
novelty of the survey may be replaced by irritability, fatigue and 
boredom. A regular cycle should be looked for, usually it will be 
seven days, where wages are paid weekly and Sunday is a day 
of rest. 

It may be necessary for the assistants to visit each dwelling as 
unobtrusively as possible two or three times a day. 


The data to be obtained by the assistants concerning the households 
and the diets are: 
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(1) Names, sex, age and occupation of all members of the 
households. ; 

(2) The origin of all food brought into each cooking place or store, 
whether from gardens, markets, boutiques, jungle (herbs), etc. 

(3) Description, condition and weight of all food before it is prepared 
for cooking. For instance, rice may be home-pounded, or highly 
milled, etc.; fish may be fresh, dried or salted and of one of 
many species; and vegetables may have excessive amounts 
of inedible stalks, etc. 

(4) Weight of all refuse removed from the food before cooking; for 
instance, skins or stalks of fruit and vegetables; heads and fins 
of fish, etc. 

(5) The methods of preparation and cooking must be very carefully 
noted, so that they may be repeated for laboratory researches if 
needed. The types of pans used (iron pans materially increase 
the iron in some foods). The amount of water used in washing 
and cooking, particularly when it may lead to waste or the loss 
of water soluble vitamins (see p. 202). The use of salt (whether 
from sea or refined), ashes or edible earths. 

(6) Weights of all food left on plates, wasted or given to domestic 
animals. 

(7) Whether the food is taken at meals or at odd times, and the 
separate feeding or otherwise of men, women and children. 

(8) The daily rota of those partaking of the food, with particular 
note of visitors or absentees. 

(9) Any meals or snacks taken elsewhere than at home. 

(10) Feast days during the surveys. 

Other details may act as a check on these data or indicate prosperity 
or poverty. Among these are questions of income and money available 
for provisions, gardens possessed or hired, and outstanding debts. 

The enquiry, however, in dietary surveys must be limited or it will 
become an ‘“ Economic Survey,” which is another matter, though 
closely connected with nutritional work. 

The most accurate information can be obtained when all foodstuffs 
eaten by each individual are described, weighed and samples taken 
for analyses. But this is possible under very few circumstances. 
Even weighing the food at each family meal is not possible everywhere. 
The hours for meals are regulated by the clock in advanced countries; 
this is uncommon throughout the tropics, except where labour is 
regimented by the needs of industry or other organized employment. 
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Taking meals at irregular hours is common among some peoples: 
extreme examples are the inhabitants of some Pacific islands and 
some tribes of Africa, who set food aside that they may wake up at 
any hour of the night to partake of it. 

It is a common practice in tropical territories to prepare and cook 
at one time all the food for the following twenty-four hours; and 
where this occurs the surveys can be carried out without great difficulty. 

Assessment of the Nutritive Values of the Recorded Diets. The 
nutritive value of the diets must be determined by the use of analytical 
tables such as those given in Chapter XX. These have inaccuracies 
and limitations, which must be taken into account (see p. 396). The 
water content is the most variable factor affecting the percentage of 
proteins, fats and carbohydrates; as this is easily determined, fair 
samples of the staple articles of diet in all surveys should be sent in 
hermetically sealed vessels to the nearest analyst for the determination 
of the percentage of water. So many analyses have been made of the 
main nutrients of cereals, pulses, roots and foodstuffs of animal origin 
that with the proviso mentioned above it is not difficult to select 
** preferred values ”’ for the circumstances and countries of the surveys. 
But where the staple articles are processed in some unusual manner, 
the evaluation of the diets can be made only from analyses of fair 
samples. 

Allowances must be made for losses of vitamins during washing 
and cooking of foods (see pp. 193, 202). 

Composite foods may be bought in the markets, which present 
considerable difficulties because of the variable compositions of them. 

The adjustments necessary for visitors, meals not taken at home, 
and snacks are bound to introduce minor inaccuracies, but with care 
they will not seriously affect the assessment. 

Presentation of the Results. Dietary surveys are carried out to 
obtain information for practical ends; the presentation of the results, 
therefore, should be in a form which will be helpful to all concerned 
with dietary improvements, or will indicate lines for further enquiry 
leading to this desired end. The land used for gardens, the marketing 
facilities, the seasonal availability, the storage of provisions and other 
matters will be indicated from the preliminary investigations, and 
further points in connection with these may be brought out by the 
records of the diets consumed. 

All possible improvements in the methods of preparation and cooking 
should be noted. Great care is needed in this respect because there 
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may be values in local methods of cooking which are not apparent 
to those who are familiar only with Western practices. 

The records of the food consumed should be given under three 
headings: 

(1) The sex and age of all persons whose diets have been recorded; 
and the economic status as indicated by the occupation and other 
salient factors concerning the wage earners. 

(2) The quantity of all foods consumed per head per day. 

(3) The values in calories and in nutrients of the diets per head per day. 

Many surveys have been summarized on a “man value” basis, 
calculated from coefficient scales such as those given on p. 310. There 
are obvious fallacies in this method as the coefficients are not the same 
for all nutrients. An adult requires more food than a child of nine, 
but the child requires more calcium than the adult; again, a woman 
doing heavy agricultural work may need more food than a man with a 
sedentary occupation. 

Most of the records should be summarized in the form of tables; 
and various deductions may be made from these such as the probable 
daily amounts of calcium or some particular vitamin taken by the 
children or other group of the consumers. 

The nutritional state of a population is largely determined by the 
diets, though malaria, hookworm infestation and other prevalent 
diseases may play a part. Therefore dietary surveys must be correlated 
and interpreted with nutritional surveys and biochemical investigations on 
the amounts of vitamins and other nutrients in the blood and excretions. 

Some of the value of dietary surveys is for permanent record so that 
the data may be compared with those of future surveys or used to 
test proposals for new standards. It follows that the methods and 
accuracy of details in making the surveys are of first importance. 

Economic surveys have been carried out—sometimes in conjunction 
with a census—in several tropical countries; examples have taken 
place in Ceylon and Singapore. Dietary habits and the economic 
status of a population are so closely related that there should be close 
co-operation between the nutritionist and the economist. 


NUTRITIONAL SURVEYS 


The object of these surveys is to determine the state of nutrition 
of various groups of persons, such as school children, gangs of labourers, 
prisoners and sections of the general population. 
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Malnutrition does not depend entirely on dietary factors and various 
stresses and infections may play an important part, therefore nutri- 
tional surveys must be studied with the results of dietary surveys 
carried out more or less at the same time, especially in cases where 
signs of definite dietary deficiencies are not prevalent. 

There has been a progressive sequence in this subject from that 
which has doubtful values to that which is more definite. 

At one time considerable attention was paid to the condition of the 
subcutaneous tissue, and this may be of some value in individual cases, 
such as when it is suspected that the food consumed has been of 
insufficient caloric value. But with the establishment of knowledge 
that a state of disease may arise from deficiencies of the constituents 
of food, it has been found that a person may be in a marked state of 
dietary deficiency without becoming thin or flabby. 

In many countries the first assemblage of persons to receive regular 
medical inspection has been school children, and the details upon which 
it has been proposed to evaluate the nutritional state are as follows: 

(1) Condition of the Subcutaneous Tissue. Thickness over the abdo- 

men and fullness within the skin. 

(2) Muscular Tone. Decided by palpitation by the examiner and 
strength of grip of the child. 

(3) Facial Expression. Bright, indifferent or apathetic. 

(4) Alertness. Various degrees. 

(5) Carriage. Erect, slack or slovenly. 

(6) Movement. Active to sluggish. 

(7) Interest and Attention. Keen to torpid. 

(8) State of the Clothes and General Cleanliness. This may indicate 

poverty or neglect. 

(9) The Colour of the Mucous Membranes of the Eyelids and Mouth. 

Used as an index of the degree of anemia. 

Examination on such points as these depend too much on the 
subjectivity of the judgment of the examiner, and the results are not 
definitely conclusive for groups of children and still less for each child 
taken singly. Derryberry! states of such examination: ‘‘ Whether 
a child is rated as malnourished or not depends more on the physician 
who is the examiner than it does on the condition of the child.” This 
may be true for such examinations standing alone, but they undoubtedly 
have values when studied in conjunction with the presence or absence 
of more definite signs of food deficiencies and with dietary surveys. 


 Pabl. Hlth. Rep., Wash., 53, 263. 
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Growth 


This, determined by weights and measurements of children, has 
received much attention. At one time it was hoped that the nutri- 
tional state of a child might be determined by some correlation between 
height, weight and age; and with this in view such tables as those of 
Baldwin and Wood were drawn up. But the bodily conformation of 
the human being is so variable that such tables have little value in 
the case of each child considered separately. 

Feeding experiments with young animals have shown conclusively 
that there is a stunting of growth when their diets are deficient in 
proteins, certain vitamins or minerals such as calcium and phosphorus; 
and there can be no doubt that deficient diets have a similar effect 
upon the growth of children. 

There are races of small men and of large men, and to what extent 
their respective sizes have been determined by poor or adequate diets 
through many generations cannot be decided, but when the average 
size of the individuals of one group of the population is found to be 
much larger than the average size of the individuals of another group 
of the same race living in the same locality, and the diets of the former 
are definitely superior to those of the latter, there can be little doubt 
that a part has been played by dietetic factors. Examples of this 
appear when the poorer classes are on an average much smaller in 
height and weight than those of the upper classes of the same race. 
Graphs 6 and 7 were drawn from the heights and weights of over 
7,000 boys among the upper, middle and lower classes in Ceylon. 
They show marked differences in the size of the individual of the 
different classes: for instance, the boys of the upper classes were five 
inches taller and weighed 20 Ib. more than the boys of the lower classes 
at the age of fifteen. 

Orr and Gilks ? studied two East African tribes, the Masai and 
Akikiyu, who are neighbours; they are of much the same origin, 
the former, however, are a pastoral tribe and live mainly on milk and 
meat, whereas the latter are agricultural and more or less vegetarian. 
The Masai were found to be far better grown and stronger than the 
Akikiyu. Graphs 8 and 9 compare the sizes of the males of these 
tribes with those of the males of the upper and lower classes in Ceylon. 

The rate of growth of children is not uniform from year to year; 
there is a rapid increase in growth for all classes of boys between the 


2 Nicholls, L., (1936), Cey. J. Sci. Sect. DIV; i; 
2 Spec. Rep. Ser. med. Res. Coun., Lond., (1931), No. 155. 
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ages of five and eight, but it is more marked in the boys of higher 
social status; then for the next three years there is a slackening in the 
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rate of growth, and this is also more marked in the upper class boys; 
after this there is an acceleration during the years eleven to fourteen. 
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Thereafter the rate is not similar for the upper and lower classes, and 
between the ages of fourteen to seventeen college boys grow much less 
rapidly than the boys of the labouring classes; it appears that when 
the rate of growth during childhood has been retarded by any cause, 
such as a poor diet, some compensation in the form of accelerated 
growth occurs during adolescence. 

The growth of males and females is not the same—females mature 
earlier. Graphs 10 and 11 compare the heights and weights of males 
and females of the labouring classes of Ceylon during their years of 
growth. 

In each school there should be a measuring standard and a balance, 
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so that the heights and weights of the students may be taken periodically 
and a watch kept for lessening or abeyance of growth. 

Indications of the State of Nutrition from Certain Bodily Conforma- 
tions. Stunted growth may be accompanied by some alteration in the 
build of the body, and indices based on various bodily measurements 
have been used because they are considered to be indications of the 
past or present nutritional state. Perhaps the most used of these 
is the A.C.H. index (see Appendix XVI, p. 455). This index has been 
found to be of no definite value when applied to Indian and Ceylon 
children. 

The Sign of the Dorsal Median Furrow (or Knudsen-Schiotz Sign) 
supposed to depend on the normal development of the spine and 
thorax under the influence of a properly balanced diet, has received 
considerable attention. It was proposed first by Knudsen of Denmark, 
and a great protagonist of it has been Professor Schidétz. When an 
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alert, well-developed child raises his hands straight above his head he 
holds the curves of his limbs and body more or less in a straight line 
(A, Pl. XII, Fig. 33, p. 193), and the furrow over the spine is continuous, 
well defined and narrow (C, Pl. XII, Fig. 33). On the other hand, a less 
well developed child cannot readily dispose the curves of his limbs 
and body around a more or less straight line when he raises his hands 
above his head (B, Pl. XII, Fig. 33), and the dorsal median furrow is 
irregular and broken (D and E, Pl. XII, Fig. 33; the arrows point to 
breaks in the furrow). 

Probably the sign may appear after any form of ill health, its value 
has yet to be established under tropical conditions. 

Tuxford Index. First described in 1917, was based on measurements 
of half-a-million school children in England. The Tuxford 4 formula is: 
bs x SEAT mes for boys. 

H 270 

W 308 —m 

ee = LOL PIs. 

H 235 

m = age in months. 

When the index is less than 1, the children are selected as being under 
weight for their height and age. J. M. Latsky ® tested this index on 
a number of children in South Africa and came to the conclusion that 
it had little or no value under the conditions in South Africa. 


Superficial Bodily Blemishes as Signs of Malnutrition 


Many nutritional surveys have been based upon certain blemishes 
mainly of the skin and mucous membranes. Much discussion has 
taken place concerning such signs as thickened conjunctive, eroded 
tongue, spongy gums and a number of skin lesions; the nutritional 
significance of some, if not all, of them has been called in question. 

A few points are applicable in general to these signs or blemishes 
of the malnourished. 

(1) These signs do not occur or are rare among the well-to-do 
classes. This should be verified where surveys based on these 
signs are being done. It is a necessary control. . 

(2) There is an absence of urgency with these signs, in that they 
do not cause pain and little or no inconvenience or disfigurement. 


‘ Sch. Hyg., (1917), 8, 656. . | 
s aie ‘Vnb, (1942), 42, 549. S. Afr. J. med. Sct. (1942), 7, 217. See also 
Campbell, F. W., and de V. Weir, 1. B. But. I. Nut. (1948), 2, 119. 
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The labouring classes of the tropics consult doctors trained in 
the Western system of medicine only on matters of urgency. 
Doctors may be working in areas where these signs are common 
and yet be unfamiliar with them. 


(3) The signs are more common among children than adults; but 


high incidences have been recorded among civil and military 
prisoners, and gangs of labourers. 


(4) The diets of those showing these signs are always deficient in 


more than one nutrient, or perhaps it might be better expressed 
to state that they are unbalanced in respect of more than one 
nutrient. It has been customary in respect of each sign to pay 
attention to one particular vitamin or other nutrient which appears 
to be more deficient in the diet than any others. This has been 
misleading; for instance, hyperkeratosis and keratomalacia are 
associated with diets particularly deficient in vitamin A, and will 
respond, sometimes dramatically, to treatment with this vitamin 
(see p. 150). But in one experiment ® in feeding men with diets 
deficient only in vitamin A—a type of diet which cannot occur 
except under experimental conditions—no visible changes were 
seen in the eyes (see p. 148) and although follicular hyperkeratosis 
occurred the observers could come to no definite conclusions as 
to its etiology. The signs of malnutrition cannot be pigeon-holed 
under single causative factors as may be done with infectious 
diseases; the etiology is far too complex (see p. 138). 


(5) Secondary causes may determine the first appearance of the 


blemishes. There are many examples of this; thus exposure to 
the sun and wind may bring out a dry scurfy or a mosaic skin in 
a malnourished child which it would not do in one that is well fed. 
The dermatitis of the exposed ‘surfaces in pellagra is an extreme 
example of this. 


(6) Some of the signs may arise from more than one cause. In an 


African village thickened conjunctive with capillary proliferation 
across the limbus was present in all of a number of persons 
examined; under certain circumstances these signs might be 
considered malnutritional in origin, but in this particular case it 
appeared to be due to acrid smoke; the custom being to keep 
wood fires smouldering throughout the night in unventilated huts. 
Other examples are given below such as swollen gums bleeding 
readily on pressure. 


§ Spec. Rep. Ser. Med. Res. Coun., Lond. (1949), 264. 
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(7) These signs are not seen as a result of starvation, and are not 
common in undernourishment where the main defect in the diets 
is in terms of calories. The signs were uncommon during the 
Bengal famine of 1942-43. 

(8) Sometimes these blemishes occur in persons of one group and 
not in those of another when both groups appear to have taken 
diets with the same defects. Personal reactions to deficiencies, 
reserves of vitamins within the body, personal activities and other 
determining or exciting causes are never exactly similar as from 
person to person. It is notorious among laboratory workers 
doing feeding experiments with animals that small variations in 
the diets may impair the expected results, and even when working 
with litter mates every animal may not react in a similar manner. 
This may be explained by refection, which also may occur in 
human beings. 

(9) The commonest combination of deficiencies in the diets of the 
labouring classes of the tropics are proteins, riboflavin, vitamin A 
and calcium. Deficiencies in the other members of the B complex 
vary with the staple cereal in use in different countries. 

(10) From what has been stated above it follows that the signs 
have more value for the assessment of the state of nutrition of a 
group of persons as a whole than of the individual. Obviously, 
anyone showing blemishes of malnutrition needs dietary treatment, 
but many needing improved diets do not have the blemishes. 


Signs Used in Nutritional Surveys 


A bewildering number of signs might be listed under this heading, 
many of which are of little or no value in nutritional surveys. There- 
fore the signs described here will be limited to those which it is con- 
venient to use in nutritional surveys among school children, gangs of 
working labourers, refugees and prisoners. The more urgent signs 
of the incapacitated are dealt with in Chapter IX. 

When making surveys, cards with a list of the blemishes to be looked 
for may be used, and the presence or absence in each case may be noted 
by a + or — sign, and the degree indicated by one or more plus signs. 
Too often cards, which have been printed for this purpose, are so 
overburdened with long lists of signs and symptoms that they cannot 
be used with statistical significance. It is desirable to base the surveys 
on the blemishes, which preliminary and rapid surveys have shown 


to have significant prevalence. 
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The blemishes are considered here in groups referable to: (1) Skin 
and subcutaneous tissue; (2) eyelids and Eyes; (3) mouth; (4) bones; 
(5) Blood. ' 

SKIN AND SUBCUTANEOUS TISSUE. Changes in the Hair. The hair 
of tropical races is dark, usually black, and among the healthy is soft 
and glossy except in old age. In malnutrition (or ill health from any 
cause) the hair tends to lose its lustre to become dry and staring; the 
scalp is usually scurfy. Where there has been serious malnourishment 
for months or years there may be loss of pigment (achromotrichia) “ 
(Pl. XIV, Figs. 42 and 43). Cases have not been uncommon among 
children in refugee camps. The failure to lay down pigment starts at 
the roots, and with improved nutrition pigmentation returns, so that 
there may be a band of light colour of the hair moving with the 
growth of the hair to the periphery. 

Changes in the General Texture of the Skin. The skin of the young 
and healthy has a smooth, shiny appearance; in African races the skin 
of health may be described as oily. In some cases of malnutrition the 
skin loses the gloss of health, appears dry and may have a fine scaliness 
(xerosis). In its advanced form, which is not uncommon, the skin 
becomes glazed and cracked into shiny plaques from exposure of an 
atrophic epidermis to the weather. This has been called Mosaic Skin 
(Plate XV, Fig. 44, p. 376) (it must not be confused with the crazy pave- 
ment eruption of malnourished infants). It is commonest over the shins, 
but also occurs on the back of the forearms and other parts of the body. 
Although mosaic skin is often seen in children who are not seriously 
ill, it is a very common condition in chronic disease, it follows sub- 
siding oedema from heart or kidney disease, and is shown by many 
patients in the later stages of such diseases as tuberculosis or cancer. 

In old age the skin loses its elasticity and becomes finely wrinkled, 
this may be well shown over the forearm during movement to supina- 
tion. When this inelastic skin is pinched up and released, it returns but 
slowly to its normal position. A somewhat similar loss of elasticity 
may occur in malnourishment and in chronic disease, but the degree 
of it is difficult to assess. 

Hyperkeratotic Conditions. There are three types of enlargement 
of the sebaceous glands associated with unbalanced diets. The first 
is a follicular hyperkeratosis which has been named phrynoderma. 
The eruption was first mentioned by A. Pillat ® in 1929 as occurring 


” Nicholls, L. (1946), Lancet, Aug., p. 201. 
* Arch. Ophthal. (1929), 2, 256. 
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among Chinese suffering from keratomalacia. Frazier and Hu ® 1° 
described the conditions in greater detail, giving the microscopical 
appearances of the changes which take place in the sebaceous glands. 
They may be described as a hyperplastic metaplasia similar to the 
changes in epithelial tissues which have long been accepted as being 
typical of vitamin A deficiency in the rat (see p. 75). There is more 
than one kind of follicular hyperkeratosis, and Nicholls 1! finding 
the name toadskin being used in Ceylon by the practitioners of the 
ayurvedic system of medicine classicized the name to phrynoderma. 

The eruption always occurs on the back of the arms (PI. XIII, Figs. 40 
and 41) and usually on the back of the forearms, on the thighs, 
abdomen, shoulders and buttocks. It occurs seldom, possibly never, on 
the face, and must not be confused with acnes and other eruptions in that 
situation. The enlargement of the sebaceous glands is never uniform, 
some glands being affected more than others, the part above the surface 
of the skin varies in diameter from one to four millimetres, and in 
very severe cases the lesions may become even larger. Viewed through 
a lens, the enlarged glands are seen to be plugged, and the plugs of 
degenerated epithelial material can be squeezed from them. The 
eruption can be felt by passing the tips of the fingers over it—some- 
times better than it can be seen. In some advanced cases the glandular 
enlargement is accompanied with very dry skin, the epidermis becoming 
rough, fissured and scurfy over the greater part of the body. The 
eruption is associated with diets deficient in vitamin A, and many 
observers 12 have recorded that it will clear up on treatment with 
that vitamin. It is noteworthy that a diet is seldom deficient in 
vitamin A without being also deficient in riboflavin. Obviously the 
length of time needed for retrogression with or without special treatment 
will depend upon the degree of the changes which have taken place 
in the glands. The lesions gradually heal with fine scarring and perhaps 
some temporary pigmentation. Phrynoderma is particularly common 
among the labouring classes of Tamil populations. The eruption has 
been found prevalent among prisoners and other groups of adults 
in several parts of the world. Its frequency among children of the 


9 Arch. intern. Med. (1931), 48, 507. 
10 Arch, Derm. Syph. (1936), 33, 825. 


11 Indian med. Gaz. (1933), 68, 681. ee 
12 Among those who have recorded successful treatment from the administration of 


itamin A are: Frazier, C. N., and Hu, C. K. Lowenthal, L. I. A. (1933), Arch. Derm. 
Syph., 28, 700: Rao, M. V. R. (1938), Ind. med. Gaz., 73, 461; Nicholls, L., and 
Nimalasuriza, A. (1940), Ind. J. med. Res., 23, 705; and Kingsbury, A. N., and Fasal, P. 
(1940), Bull. Int. Med. Res. F.M.S. 
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poorer classes has been recorded by many observers: Loewenthal 
found 27-6 per cent. affected among 1,000 East African children, and 
Aykroyd and Rajagopal record the eruption in 14 per cent. of Indian 
children. 

Other names have been suggested for phrynoderma. Permanent 
goose skin has been used, but the term goose skin should be reserved 
for a uniform enlargement of the sebaceous glands due to cold or other 
cause contracting the interglandular tissue. It is not a suitable term 
for a hyperplastic metaplasia. Stannus *° states that phrynoderma is 
identical with keratosis pillaris originally described by Brocq. This is 
impossible if Roxburgh ** is correct in the statement: ‘keratosis pillaris 
is always described as a congenital and familial condition appearing 
about the age of two or three, and persisting indefinitely.” 

The second nutritional hyperkeratosis is that of scurvy; it occurs 
mainly on the buttocks, backs of thighs and calves (see p. 151). 

The third type is a more or less uniform enlargement of the sebaceous 
glands of the skin of the forehead, sometimes spreading over the face 
- and on the skin of the neck and shoulders. Most of the cases show 
mouth signs generally attributed to riboflavin deficiency. 

Dermatologists have described a number of types of follicular 
hyperkeratosis with little reference to etiology. It is possible for a 
clinical type of glandular hyperplasia to have more than one cause. 

Pellagra-like Eruptions. In countries where classical pellagra does 
not occur there may be found on the exposed surfaces of the body 
hyperpigmented, glazed patches of skin, usually showing a tendency 
to peel. On the face these patches occur on the cheeks and may form 
a butterfly-like pattern by joining across the bridge of the nose. Similar 
patches occur on the back of the hands and dorsum of the feet. These 
patches are probably of the same nature and may have the same cause 
as Mosiac skin; possibly an imbalance between the vitamins of the 
B complex but not of the same order as in pellagra. Scrotal dermatitis 
in a mild form affecting only the epidermis is not uncommon. A 
more advanced form in which the scrotum is swollen with cedema 
occurs among prisoners and gangs of labourers who have received 
deficient and monotonous diets over a considerable period of time. 
An eczematous eruption is not uncommon around the anus or on the 
vulva in malnourished children and others. Mouth signs usually 
attributed to riboflavin deficiency are common among those having 
scrotal dermatitis, or the anal or vulval eruptions. 


18 Proc. R. Soc. Med. (1945), 337. 
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Hemorrhages. Petechial hemorrhages into the skin are uncommon 
with those among whom nutritional surveys are usually made and 
when they occur a deficiency of ascorbic acid is the main cause. 

(Edema. The causes of cedema are too numerous to be dealt with 
here. Nutritional edema may be due to a low intake of protein (see 
p. 160), associated with a deficiency of thiamine, or occur in conjunc- 
tion with macrocytic anemia. For epidemic dropsy see p. 376. 
(Edema occurring in association with heavy infectation of hook worms 
is probably partly nutritional. 

Mottled and Striated Finger Nails. These have been described in 
chronic malnourishment; the significance is unknown. They have 
been recorded also in cases of fluorine poisoning. 

EYELIDS AND Eyes. Blepharitis with or without lachrymation or 
photophobia appears in some cases to be of nutritional origin (see Pl. 
V, Fig. 14). Toxic factors in the diets may play a part, or pyogenic 
infections aggravated by malnourishment. It is important in nutritional 
surveys to keep in mind prevalent causes other than nutritional, such 
as blepharitis from trachoma. 

Xerophthalmia. Dryness of the eyes which may lead to changes in 
the conjunctiva and cornea has been attributed to vitamin A deficiency 
because it can be produced experimentally in rats on diets deficient 
in this vitamin (see p. 76). 

Changes in the Conjunctiva. A high percentage of the children and 
adults of the labouring classes living in the tropics show thickening 
of the bulbar conjunctiva with or without increased pigmentation. 
This is usually obvious, and is well demonstrated when the subject 
moves the eye from side to side, causing a thickened conjunctiva to 
be thrown into a moving ripple of folds, this is not marked when the 
conjunctiva is not thickened. Chronic irritation from dust or smoke 
may cause conjunctival thickening or determine its development in 
the malnourished; but there are many cases in which no forms of 
irritation can be found, and the absence of similar thickening in the 
eyes of the well-fed classes indicates the cause as defective diets. 
Bitot’s Spots 14 (Pl. XII, Fig. 34) are an extreme form of thickening of 
the epithelium of the bulbar conjunctiva. They were first described by 
Bitot 2° in 1863; he discovered them in the eyes of some of the inmates 
of an orphanage in Bordeaux, and they were accompanied by night 
blindness. They are due to metaplastic hyperplasia of the conjunctiva 

14 Lancet (1939), 1432. 


15 Gaz. hebd. Med. Cher. (1863), 10, 284, 
23 


T.N.D. 
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over the sclerotics; thickening and pigmentation first appear, and 
with increasing hyperplasia Bitot’s spots appear as heap-up masses 
of keratinized cells. They usually occur over the outer quadrant of 
the sclerotics, seldom in the inner and probably never in the upper and 
lower quadrants. The commonest shape of them is subtriangular with 
the base lying near the cornea-sclerotic junction. They resemble 
patches of chalk paste which have been striated with a pin. Sometimes 
they are broken up into a number of small parallel striations. Where 
Bitot’s spots occur among school children the thickening and pigmenta- 
tion of the conjunctiva of the early stages are far more common than 
the actual spots. Bitot’s spots are not usually accompanied by night 
blindness, and they are not associated with keratomalacia. The 
epithelial changes resemble those appearing in various epithelia of 
vitamin A deficient rats and suggest that a deficiency of that vitamin 
may play a part in producing the spots. 

Vascularization Around the Limbus. This takes place near the corneal 
margin and extends on to the cornea, loops of newly-formed capillaries 
appear, which in the early stages need a lens or slit lamp to reveal 
them, but in the later stages the network of capillaries around the 
cornea may be very marked indeed (PI. V, Fig. 15). These changes 
may be accompanied by roughness of the eyelids, burning sensation 
of the eyeball and much visual fatigue. These symptoms and keratitis, 
lacrymation, photophobia and dimness of vision, not corrected by 
lenses, have been attributed to riboflavin deficiency from surveys of 
the diets of those affected and the curative effect of riboflavin.’ 
Although these ocular syndromes may originate from defective diets, 
it is certain that syndromes indistinguishable from them may have 
various other causes which are not nutritional. 

MoutH. The following signs have been attributed to riboflavin 
deficiency : 

Cheilosis. The epithelium of the lower lip appears thinned, wrinkled 
and scaly with increase in the number of or accentuations of the fissures. 
The lips may be swollen with increased redness. The upper lip is less 
affected than the lower. 

Angular stomatitis. This sign, sometimes very conspicuous among 
poorly nourished school children, has been widely used in nutritional 
surveys. It is usual to note its existence separately from cheilosis, 
which is of much the same nature, though the two may or may not 
occur together. This lesion varies in severity, ranging from a slight 


'® Spies et al. (1945), J. Lab. clin. Med., 30, 751. 
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scaliness with very small cracks in the epithelium at the corners of 
the mouth to a pale, moist and ulcerated appearance with fissuring 
extending on to the neighbouring skin of the face; the more severe 
forms have been called Ja perléche. The healing of angular stomatitis 
may leave some scarring at the angles of the mouth. Cheilosis was 
recorded as occurring in 69 per cent. and angular stomatitis in 22 per 
cent. of all persons examined in a nutritional survey in Newfoundland. 17 
This is a higher incidence for cheilosis, though not for angular stomatitis, 
than has been recorded from tropical countries. The onset of these 
signs may be determined by the heat of the summer’s sun or the cold 
chapping winds of winter. These signs have been found more common 
in the hills than in the lowlands of the tropics, where the rays of the 
sun are more powerful and the nocturnal change of temperature 
greater in the former than in the latter. 

Changes in the Tongue. A deficiency of riboflavin brings about 
changes in the tongue. The tongue may be swollen, showing marginal 
indentations by the teeth, and in some cases it has a magenta colour: 
when this somewhat cedematous condition of the tongue is of long 
duration, longitudinal and transverse fissuring may take place. In its 
extreme form the fissured swollen tongue will not clear up with any 
treatment. Another common condition attributed to riboflavin 
deficiency is erosion of the tongue (see Pl. V, Fig. 12), which occurs as 
irregular patches of superficial erosion of the mucous membrane 
of the tongue. These patches are redder than the unaffected areas 
of the tongue which show the grey-white duvet of the normal fur. 
‘“* Geographical tongue” is a term which has been used for this con- 
dition, and is expressive of the irregular patterns often produced by 
the erosion. This condition may be particularly common among 
pregnant or lactating women. When niacin as well as riboflavin is 
deficient the condition is more acute, reaching to a fiery red glossitis 
with salivation. Very chronic deficiencies may leave the tongue dry, 
smooth and glazed, with atrophy of the papille. 

Changes in the Gums. A common early sign in the gums is swelling 
of the interdental papille with an increased tendency to bleeding when 
the papilla are pressed. The swelling may later affect the whole gum, 
with a change in colour to purplish. A deficiency of ascorbic acid is 
definitely one of the causes of these changes in the gums. But it is not 
the only cause, because swollen gums bleeding readily on pressure 
are common in some parts of the tropics among school children 


17 Canad, med, Ass. J. (1945), 52, 227. 
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receiving ample ascorbic acid, but whose diets indicate an imbalance 
among the vitamins of the B complex, particularly with a shortage of 
riboflavin. Cases of swollen bleeding gums have been reported from 
Mexico 18 in persons receiving over 90 mg. of ascorbic acid daily. 
Cases of pyorrheea with swollen gums should be recorded in nutritional 
surveys without prejudice to its causation. 

Changes of the Teeth. It is important that defects of the teeth in 
respect of mottling, hypoplasia and decay should be noted in nutri- 
tional surveys, but it cannot be satisfactorily done without probe and 
mirror. The time and patience needed for such examinations may 
exclude them from some surveys (see p. 168). 

Bones. The bone changes of rickets may be seen in an occasional 
child in the tropics. When seen in nutritional surveys of school 
children they indicate a past and not present condition (see 
p. 126). 

AN&MIA. The three major anemia-producing conditions—malaria, 
ankylostomiasis and malnutrition—are present in nearly all tropical 
territories to various degrees. 

ENLARGEMENT OF PAROTID GLANDS. This has been found in several 
parts of the tropics. It has been recorded from the forest country of 
the Gold Coast, and was noted by J. I. Enright among the Turkish 
prisoners in 1917. Marcus Clarke showed the author many cases 
among the hill Dusuns of Borneo. The usual history is of insidious 
development in childhood. 

ULCERS AND SEPTIC CONDITIONS OF THE SKIN. These should be 
noted in nutritional surveys. 


Subjective Symptoms 

The recording of subjective symptoms in nutritional surveys is of 
very doubtful value unless they are definite and prevalent. Among 
those which have been of value are complaints of night blindness, 
failing vision, burning feet and hands and dysphagia from esophagitis; 


the latter has occasionally been found common among pregnant and 
lactating women. 


Biochemical Methods for the Assessment of the State of Nutrition 


. Methods of biochemical determination are continually being 
improved; and in time the accurate checking of nutritional surveys 


*® Anderson, R. K., et al. (1946), Amer. J. publ. Hith., 36, 883. 
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will be dependent on the biochemist. The need for a well-equipped 
laboratory makes the work costly. 

The determination of value in nutritional surveys are: 

Proteins. The normal range in the plasma is 6 to 7:78 gm. per 
100 ml. The albumen fraction is 4:5 to 5-5 per cent. and the globulin 
fraction 1-5 to 2:5. In hypoproteinemia there may be a fall below 
6 per cent. with a relatively greater reduction in the globulin fraction. 
Amounts as low as 2 per cent. have been recorded in chronic starvation. 

Minerals. A deficiency of iron is reflected in the amount of hemo- 
globin in the blood and the red blood cells count; it need not be 
determined by quantitative analysis. 

The normal range of calcium in the blood is 9-5 to 10-5 mg. per 
100 ml. for adults, 10-0 to 11-5 mg. for children and 10-5 to 12 mg. for 
infants. Much work is needed to be done on the calcium content 
of the blood in populations where dietary calcium deficiencies are 
known to exist. 

The normal range of phosphorus in the blood is from 4 to 5 mg. 
per 100 ml. 

Vitamins. There are large variations in the amounts of vitamins 
in the blood and urine of well-fed persons; some of these variations 
are due to the lapse of time since the last meal but the causes of others 
are not known. This renders isolated determinations of little value, 
but the average amount of a vitamin in the blood or urine of many 
individuals, who are on diets deficient in that vitamin, will always be 
lower than the normal average. 

Only the water soluble vitamins are excreted in the urine, the fat 
soluble vitamins A and D do not appear in the urine. 

The saturation test is of value, even for examining single individuals 
for a deficiency. The test depends on some degree of depletion in 
the blood and tissues of the vitamin being tested; so that when a large 
dose of the vitamin is given by mouth, or injected intravenously so 
as to avoid any lack of absorption, the vitamin will be taken up by 
the tissues to make good the depletion before there is any increase in 
urinary excretions. It is necessary to examine the urine before and at 
intervals after the administration of the vitamin. The saturation 
test was first done with ascorbic acid, a large percentage of such 
a dose as 1 gm. of the vitamin soon appears in the urine of persons 
who have previously had a sufficiency of the vitamin in their diets, 
but there is little or no increase following the dose in persons deficient 


in ascorbic acid. 
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Normal ranges of the vitamins are: 


Blood plasma Urine 

per 100 ml. in 24 hours 
Vitamin A : . 50 -3001.U. = 
Carotene : . 50 -300 pg. —- 
Thiamine : : 6 pg. 100 -300 pg. 
Riboflavin : . 04 - 0-6 pg. 0:-48— 0-8 mg. 
Niacin ; . 0:27— 0-80 mg. —- 
Ascorbic acid . - O7 — 1-4 mg. 10 —- 30mg. 


Much higher values than these may occur with patients taking large 
amounts of the vitamins. 

Increase Of pyruvates in the blood occurs in thiamine deficiency; 
the normal value is about 1 mg. per 100 ml. The normal amount of 
lactic acid in the blood is 9-3, giving a ratio of 9:3 between pyruvic 
and lactic acid (see p. 83). A rapid method of estimating the pyruvate 
in the blood is described by G. D. Lu.?® 

Phosphatase. This enzyme described by R. Robison in 1932 has 
the property of splitting organic phosphorus compounds into inorganic 
phosphate. It occurs in two forms—alkaline phosphatase and acid 
phosphatase. The amount of alkaline phosphatase reaching the blood 
is increased in rickets and is decreased in scurvy. The quantity in 
the serum is usually determined by Bodansky’s method, which depends 
upon the liberation of inorganic phosphate when glycerophosphate 
is incubated with the blood serum being tested. The amount of phos- 
phate is determined colorimetrically after the addition of ammonium 
molybdate reagent. 

The phosphatase activity of the serum is expressed in units; one unit 
being equivalent to each mg. of phosphorus liberated. 

Alkaline phosphatase in the serum ranges from 2-0 to 3-5 units 
per 100 ml. in adults, 5 to 14 units in children and 10 to 20 units in 
infants under six months. 

An example of the value of checking clinical findings by biochemical 
work is shown in the results of two nutritional surveys carried out in 
Newfoundland *° in 1944 and 1948. The clinical examinations were 
done on both occasions by the same physicians. A summary of the 
results as stated by Aykroyd ?! may be given as follows: In 1944, 
a survey of the people of Newfoundland revealed that malnutrition 
in regard to vitamin A, thiamine, riboflavin, niacin and ascorbic acid 
deficiencies were common. Also there was much dental caries and 


9 Biochem. J. (1939), 33, 249. 
*° Canad. med. Ass. J. (1945), 52, 227. 
*1 Ibid. (1949), April. 
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poor muscular development among the children examined. Further, 
the infantile mortality rates and incidence of tuberculosis was from 
two to three times as high as those encountered in populations of similar 
ancestry in more favoured regions. In 1948, following wartime 
prosperity, the use of margarine fortified with vitamin A, and flour 
reinforced with vitamins of the B complex, clinical examinations 
revealed a striking decrease in most of the signs of malnutrition which 
had been prevalent in 1944. On the other hand, there was an increased 
incidence of the signs of ascorbic acid deficiency and of carious teeth. 

In 1944 and 1948 samples of blood had been quantitatively examined 
for hemoglobin, serum protein, ascorbic acid, alkaline phosphatase, 
vitamin A and carotene, and samples of urine for riboflavin and 
thiamine. The clinical and chemical records agreed: both revealed 
nutritional improvement in 1948 over 1944 as regards vitamin A and 
the B complex, but no change or even worsening with respect of 
ascorbic acid. 


CHAPTER XVIII 


PUBLIC HEALTH ACTIVITIES (continued): VITAL 
STATISTICS; PRACTICAL APPLICATION OF 
NUTRITIONAL KNOWLEDGE 


VITAL STATISTICS 


THE general state of health of the population of any country is reflected 
in the vital statistics; and the death rates, the cause of death, the 
infantile mortality and prevalence of stillbirths are criteria of health 
and prosperity or the lack of them. The death and birth rates as 
recorded by the Registrars-General of most countries are fairly 
accurate; but it is otherwise with the returns of the causes of death, 
and even in advanced countries these are far from satisfactory; this 
is mainly due to faulty diagnoses and the usage of indefinite terms 
such as asthma, purpura, dropsy, heart failure, pyrexia, etc. In some 
tropical countries, such as parts of India, where medical men are few 
and far between, the diagnoses of the cause of death are made by 
poorly educated registrars, who obtain the information by questioning 
the relatives and others who had been in contact with the deceased 
during the last illness. It might be considered that records of the 
causes of death drawn up from these sources would be of little or no 
value; but this is not the case, and much valuable information may be 
obtained by a study of the reports of Registrars-General. 


Infantile Mortality 


Table LVII gives the death and birth rates and the infant mortality 
for a number of countries, and shows how widely these vary in different 
countries; generally, the figures are favourable where there is a good 
economic standard among the labouring classes. The infantile mor- 
tality rate depends on many factors, such as ignorance or insanitary 
habits of the parents; but it is to a great extent a reflection of economic 
standards on the nutrition of mothers and children. 

A consideration of some of the details of infantile mortality in 
Ceylon may be taken as an example of such a study. Until very 
recent years the number of infants dying within one year of birth 
was about 170 per 1,000 births. The causes of these infantile deaths 
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TABLE LVII 


‘ Infant 
Deaths | Births A : Infant 
mortality Deaths | Births mortality 


per per per per 
1,000 | 1,000 | Per, 1,000 1,000 | 1,000 pe 


births 


18-0 Austria ; 15-0 16:9 
18-4 Italy . : 15-0 25°3 
Dake Estonia : 15°7 17-2 
25 France. 2 16:6 17:9 
24-2 Hungary ; 16:9 24-6 
18-6 Greece. : 17:1 30:0 
17°6 Bulgaria nee ae: 30°8 
19-4 Spain . : 17°8 28°5 
17:2 Japan . : 19-4 33-1 
16:1 Chile . Pa 3eS 38-4 
27°7 Ceylon . | 24-0 38-7 
ty: Egypt . 26:0 44-1 


New Zealand 
Australia 
Netherlands . 
South Africa 
Canada 
Denmark 
Germany 
United States 
Switzerland . 
England 
Argentina 
Belgium 

Irish Free State 














& WON O00 C0 60 
BRIWNKODRHONIAOW 





Table LVII is from the New Zealand Official Year Book, 1935. 


TABLE LVIII 


Causes of Infant Mortality in Ceylon 
Yearly Average (1924-1933) 


— 








3 months Total Percentage of 
Causes eens and under under infant deaths 

1 year 1 year from all causes 
Convulsions : ; 6,617 2,804 9,421 273 
Tetanus ; , : 47 5 52 Osis 
Diarrhea . : : 112 335 447 1:3 
Bronchitis . : : i Lez4 152 297 0:8 
Pneumonia . ‘ ‘ 194 594 788 2:3 
Enteritis . : d 115 181 296 0:86 
Debility : : : 7,257 21-2 
Diseases of the integu- os > 9,050 26:4 

mentary system. 
Prematurity . F : * * 2,164 6:3 
Mandama (rickets) ; * * 774 t 
Other causes A A 3,559 10:3 
* Not available. + Estimated from one year’s return. 


as given in the Annual Reports of the Registrar-General are shown as 
a yearly average for the decade 1924 to 1933 in Table LVIII. 

Thus 75 per cent. of all infant deaths have been returned as due to 
convulsions, debility or diseases of the integumentary system, and 
another 8-5 per cent as due to prematurity or mandama. 

Convulsions. A convulsion is symptomatic; it may be due to one 
of many causes. The rigors of malaria and other acute infections in 
adults are replaced in children by convulsions, and it is probable that 
many of these deaths have occurred from acute infections, particularly 
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‘a the malarious areas. But an analysis of 257 deaths from convulsions 
in a non-malarious area showed that 51 occurred during the first week 
of life, and 84 within the first month of life. Many of these infants 
appear to be of low vitality and all else that is apparent is that they 
pass into convulsions and die. This cause of infantile death is rela- 
tively uncommon among the wealthier classes; this and other evidence, 
which will be mentioned later, suggest that convulsions are due to 
malnutrition of the mothers. 

Debility. Under this heading are included all returns of marasmus 
and malnutrition.!. The majority of these deaths take place in the 
first two weeks of life; the infants are puny and born of ill-nourished 
mothers. 

Disease of the Integumentary System. The term “ rathé” sanc- 
tioned by vederalas (native doctors) and registrars, is used for almost 
all skin diseases of infancy, and deaths attributed to rathé are placed 
by the Registrar-General under the heading “ diseases of the integu- 
_ mentary system.’’ The examination of a large number of infants in 
whom this disease had been diagnosed has revealed varieties of 
pyodermias, of which the commonest are impetigos and ecthymas. 
The eruption in most cases is widely spread over the body; and the 
primary infecting organism is usually a streptococcus. As _ the 
generalized eruption subsides many children become secondarily 
infected with Staphylococcus aureus and develop chronic furunculosis, 
from which the majority do not recover. Other deaths in this category 
might fall under the indefinite term ‘“* kwashiorkor.” 

Mandama (see p. 165). The Registrars-General reports show that 
the average number of deaths for the decade 1923-32 under the heading 
rickets was 4,339, which is a little more than 3 per cent. of all the 
deaths in Ceylon; only about 17 per cent. of these deaths occur in 
the first year of life. Rickets occurs in Ceylon, but is uncommon, and 
in marked cases there is usually a history that the child had had some 
prolonged illness and had been confined in a dark room away from 
sunlight. When records of the causes of death were first kept, the 
International System was adopted which had been drawn up mainly 
for temperate climate conditions and European medical officers were 
asked to explain the terms in local use and sanctioned by vederalas. 
For reasons which are not now apparent it was decided to record 
deaths from mandama under the heading rickets. 


' The term ‘ malnutrition ” does not occur in tl sof i i 
; né 1e reports of Registrar-General: possibly 
it would be considered a reflection on the body politic. < Bat 
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The relative frequency during the first year of life and in later child- 
hood of deaths from rathé, convulsions and mandama are as follows: 


Per cent. Per cent. 
under 1 year over 1 year 
Rathé ‘ , 93 
Convulsions . : 54 46 
Mandama . : 17 83 


Stillbirths. Wherever infantile mortality is high the incidence of 
stillbirths is also high. Since the notification of stillbirths was made 
compulsory in Ceylon there have been recorded yearly about 80 still- 
births per 1,000 live births, but many abortions in the later months of 
pregnancy are not included among these. 

A study of the weights at birth of children of parents of different social 
status throws some light on the cause of stillbirths and infantile mortality. 

There is in Ceylon a lying-in home where there are two sections 
—one for the poorer classes and one for paying patients. Table LXIX 
gives the weights of 2,038 infants of the labouring classes for consecu- 
tive births, and 216 infants of the paying patients for consecutive 
births during the same period. 


TABLE LXIX 


Non-paying section Paying section 








Weight of Males Females Males Females 
Infants at 


birth 





Per Per Per Per 
No. cent. of * | cent. of * | cent. of "| cent. of 
born births births births births 








4 lb. and under 72 Be) a1 0 0: 
4-5 lb. . : 1750 9 18-6 5-4 11- 
5-6 1b. % : 383 35:5 34-9 18-1 16: 
6-7 Ib. _.. ? 306 28:2 29-0 31:6 39: 
Over 7 lb. : 150 13-8 9-9 44:5 22: 
Totals . | 1,085 100-0 99-5 99:6 99: 








9 
3 
0 
6 
0 
8 























The average weight of the infants was 6-06 Ib. for males and 5-94 Ib. 
for females of the labouring classes, and 7-05 Ib. for the males and 
6-77 lb. for the females of the paying classes. Graph 12 shows the 
percentage of frequency of weights 2 of the newborn of males of the 
two classes. 


Te ea . ‘cht 
2 thod of distribution in Graph 12 was to the nearest } lb., and when the weig 
was seein it was placed alternately in the higher or lower group—thus the first weight 
of a child of 6} Ib. was placed in the 6}-lb. group and the next of 6} in the 6-lb. group. 


a 
ATT 
PEEVE AE 
TATTLE 


Non paying patients. 
e— Paying patients. 





















Graph 12 





Ibs. 4 5 S 


e—eChildren of Ceylon, Paying Class. 
—— English Children (M. Bruce Murray.) 


Graph 13 


7 8 9 10 


The Ceylonese are a race of small people, and it might be suggested 
that the weights of their infants at birth would be relatively small, 
but when the graphs are drawn from the weights of British newborn 
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given by Bruce Murray ® they register almost exactly with the graphs 
of the weights of the infants born in the paying section of the Ceylon 
lying-in home (Graph 13). 

The weights of 25 infants whose deaths were consecutive and 
occurred within three days of birth ranged from | Ib. 6 oz. (608 gm.) 
to 8 lb. (3,629 gm.), but the 8-lb. child was exceptional as no other 
weighed more than 63 lb. (2,949 gm.), and the average weight of these 
infants was 3 lb. 13 oz. (1,734 gm.). 

Similarly, the weights of the infants of 25 stillbirths ranged from 
2 Ib. (907 gm.) to 63 Ib. (2,954 gm.), and the average weight was 
3 Ib. 14 oz. 

Post-mortems on these infants do not reveal much to the naked eye, 
the only frequent sign is hemorrhage, and the evidences are not 
sufficient for a definite pronouncement on the causes of death. Micro- 
scopic appearances are somewhat more revealing; there is cellular 
degeneration of the suprarenals and kidneys, usually fatty degeneration 
in the liver, and signs in all organs of past and recent hemorrhages. 
There are two types of hemorrhage—one is massive such as might 
be due to vitamin K deficiency, and the other is a widespread capillary 
exudation such as has been described by Griffith and Wade* as 
occurring in young rats on choline-deficient diets (see pp. 107 and 
167). 

The vitality of infants varies with their weights at birth, and the 
chances of survival of those weighing less than 5 lb. are poor, especially 
as many of the mothers have a meagre milk secretion probably due 
to the same causes that produced the puny infants. 

Ebbs ® and his co-workers in America studied the influence of pre- 
natal diet on mother and child. The work was carried out among 
400 women with low incomes. Among those on their usual poor diets 
17-4 per cent. had miscarriages, stillbirths, or premature infants, 
whereas the percentage fell to 2:2 per cent. among a group of these 
‘women whose diets were adequately supplemented with milk, eggs and 
fruit. 

The wealthier classes usually live under good sanitary conditions, 
they are free from many of the stresses of life of the labouring classes, 
and the ravages of hookworm infestation and malaria are less marked 
among them; yet when the diets and other living circumstances of the 


3 Spec. Ser. Rep. med. Res. Coun., Lond. (1924), No. 81. 
4 J. biol. Chem. (1939), 131, 567. 
6 J, Nutrit. (1941), 22, 515. 
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various classes are studied it is a reasonable conclusion that the low 
weights of the labouring class infants, the prevalence of stillbirths, 
and infantile deaths are mainly due to the nutritional state of the 
mothers. 


Maternal Mortality 


This is high among the lower classes in most tropical countries. 
The vital statistics on this subject are ill-defined and unsatisfactory; 
for instance, at one time the puerperal deaths in Ceylon were given 
as about 20 per 1,000 births, which is about five times as high as the 
recorded puerperal death rate for many countries of the temperate 
regions. But it appears that deaths from whatever cause occurring 
for several weeks after childbirth, and even fatalities following abortions, 
were included in these figures, and therefore they are not strictly 
comparable with the statistics from some other countries. 

The cause of 273 deaths among women during the years 1932 and 


1933 in the lying-in home in Colombo are given by Wickramasuriya ® 
as follows: 


Per cent. Per cent. 

Anemia (hookworm) . eel Accidental hemorrhage . 26 

Puerperal sepsis . : ees Post-partum shock ; + 38 

Eclampsia sw 98 Debility . “ 2-2; 

Toxemia of preen ancy 4-0 Infections (dysentery, pneu- Tok 

Pyelitis 0:6 monia). 

Placenta previa 5°8 Various other causes . & alsy27/ 
100-0 


It will be seen that puerperal sepsis accounted for 12-8 per cent. 
of the deaths, and this taking place in a well-run, up-to-date lying-in 
home indicates a lowered resistance of the women. The deaths from 
anemia were attributed to hookworm infestation, and some of those 
from eclampsia or toxeemia to this infestation or malaria. 

Here again are statistics which take no account of malnutrition, 
although almost all the women were of the indigent classes, and 
surveys (see p. 335) have shown that the diets of these classes are 
deficient in more respects than one. 

Hookworm infestation is exceedingly unlikely to cause the death 
of a well-fed woman; and although this infestation and malaria 
undoubtedly played a part, yet it is probable that malnutrition had 
been the most salient primary cause of many of these deaths. 


6 “ Malaria and Ank 


lostomiasis in the Pregna an,” fi ye 
Publications, y gnant Woman,” 1937, Oxford Medical 
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THE PRACTICAL APPLICATION OF NUTRITIONAL 
KNOWLEDGE 


In some countries of the temperate climates advanced academic and 
other foundations have carried out dietary and nutritional surveys, 
and much other research work of great importance for the improvement 
of public health. But such foundations are not common in the tropics, 
therefore the work must be done or initiated by a Division of Nutrition 
of the Government Medical Department. 

It will be the first duty of the Division of Nutrition to carry out 
surveys and collect data of the dietary habits and practices of the 
various groups of the population, so as to be able to initiate or point 
out what is needed for the improvement of the diets of the country. 

(a) The Diets in Institutions, such as Hospitals and Prisons. The 
improvement of the diets in institutions under Government or muni- 
cipal control may not be a difficult matter and may be quickly brought 
about when the lay authorities are persuaded that good diets are a 
part of medical treatment, and unless they are provided the period of 
convalescence of the patients in the hospitals will be prolonged. 

(b) The Diets of Groups of Labourers. The employers of labourers 
in mines, on estates, or on such constructions as roads or railways, 
may be persuaded that ill-nourished labourers are lazy, inefficient and 
have a high sickness rate, and that it is profitable to provide them with 
adequate diets. In some countries it will be necessary to make the 
provision of proper diets compulsory by law. 

(c) The Diets of the Population as a Whole. This is a more difficult 
matter, and the improvement of the diets of the masses is not likely 
to be brought about very rapidly. The first need is to educate the 
public to the basic factors of good nutrition. 


Education on Nutrition 


It may be accepted that the medical officers of a health department 
do not possess sufficient knowledge for the enlightenment of others 
until they have made a thorough study of local conditions by dietary 
and nutritional surveys. The medical practitioners of the country 
should be the first to be informed of the results of these surveys, circulars 
should be sent to them stating the inadequacies found in the diets and 
the possible methods of remedying them. 

Next, a medical officer with expert knowledge of nutrition should 
give lectures to nurses, sanitary inspectors and others who come 
into close contact with the public. 


~. 


* ray 
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Then comes the education of the public, and here efforts must be 
directed not only to impart the newest knowledge of nutrition in some 
arresting form, but also to dispel prejudices, and this may be of 
greatest importance. The Labrador fishermen became blind in the 
midst of plenty in that they threw away the livers of fish rich in 
vitamin A, a deficiency of which was causing their blindness. Gangs 
of labourers among whom beriberi was rife have refused parboiled 
rice because they were accustomed to raw highly milled rice. And 
many a labourer in the Southern States of America has suffered 
from pellagra because he “ disliked pulses.” All prejudices should 
be studied and considered sympathetically because there may be more 
in them than at first appears; objection to fresh milk is an instance 
of this (see p. 289). 

The proper preparation and cooking of food so that there will be 
little waste or destruction of the constituents must be made known and 
attractive methods found for cooking cheap and unpopular foodstuffs, 
which may have high values. 

The propaganda should be carried out by medical men, district 
nurses and sanitary inspectors in their contact with families, and 
lectures with appropriate posters and lantern slides may be arranged 
for larger audiences. Special lectures may be given and small handbooks 
be prepared for school teachers. Food exhibitions may be arranged 
in conjunction with the agricultural authorities. Reiterated slogans 
such as : “* Variety is the keynote of good dietary,” at lectures and 
exhibitions have values. Most slogans should have a pointed local 
appeal. 

Where work has been done along the lines indicated above it has 
been found that the public is very receptive of information concerning 
its daily diets. 

Popular propaganda prepares the way for the reception of special 
medical efforts at pre-natal clinics, maternity homes, out-patient 
departments and in hospitals. In these places there should be printed 
leaflets of the advice given to patients, because many accept more 
readily that which appears in print than the spoken word. 

Lecturers must always be watchful that they do not urge the use 
of foodstuffs which are nutritionally desirable but economically 
impossible. 


Activities in Non-medical Walks of Life 


The subject of nutrition impinges upon almost every walk of life. 
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It is a function of the health authorities to state urgently the nutritional 
needs of the masses, but others must find the means for the fulfilment 
of these needs. 

Political. Much of the malnutrition in a country is determined 
by the economic status of the labouring classes. A nation cannot 
afford to neglect the quality of its people. Malnourishment throughout 
the years of childhood and adolescence leads to stunted growth and 
enervated manhood. Much of the laziness and unrest among the 
labouring classes can be traced to inadequate diets. People well grown 
and energetic from good nutrition are productive and useful for the 
social welfare of the country. 

In some parts of the world the populations have become so dense 
that there is an intensive struggle for a bare and mean subsistence. 
But politicians have yet to arise who will inform their constituents 
that there are too many of them. In past times, when famine, pestilence 
and war kept down the numbers of the population, the tenet “ be 
fruitful and multiply ’ had ample justification. To-day good sanitation 
and effective treatment keep alive large numbers of malnourished 
people who, had they lived in past times, would not long have escaped 
from some mortal infection. 

T. R. Malthus published in 1798 his celebrated “‘ Essay on the 
Principles of Population as it Affects the Future Improvement of 
Society.” He considered that there was no escape from an innate 
dilemma consequent on the tendency of populations to increase faster 
than the means of subsistence. Yet he prophesied that the populations 
of Belgium and France would stabilize towards the end of the nine- 
teenth century somewhere about 8 and 40 millions respectively. His 
prophesy has been more or less fulfilled; but all the factors which 
brought this about are not known, the practice of contraception 
does not supply a full explanation. 

How far a doctrine may be preached that the quality of a race 
is more important than the quantity of it must be left to the 
politicians. 

The pattern of diet in any country is determined largely by the 
economic standards. The cheapest of all diets are composed mainly 
of cereals and roots. The general population of the more prosperous 
parts of the world with temperate climates—in particular the United 
States of America, Australia and Great Britain—have obtained diets 
of fairly high nutritional value, in which have been included fair 
amounts of various meats, eggs, milk and fish; these are relatively 


T.N.D. <h 
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expensive foodstuffs. M. K. Bennet’ has estimated the amounts of 
foodstuffs grown in or imported into most of the countries the 
world: he has drawn up charts of the food-calorie disappearance © per 
adult male in respect of cereals and roots and other foods. The other 
foods are mainly those of animal origin and the cultivated fruits. 
Graph 14 from Bennet’s charts, shows the relative amounts of these 
two groups of food for ten countries. . 
In countries where the cereals and roots are well reinforced with 
other foods the people are comparatively well grown and vigorous and 
the death rate, including infantile mortality, is low. 
The high cost of foods of animal origin is a question of the conversion 
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of the nutrients of the food fed to animals into human food. Numerous 
estimates have been made of the efficiency of this conversion. 
Middleton ® summed this up by saying that a good cow or pig returns 
as human food 14 to 16 per cent. of the feed energy; a bullock at three 
years old 5 to 6 per cent. or fat bullock at two years old 8 to 9 per cent., 
and a sheep 10 to 12 percent. But these figures depend on the practice 
of good husbandry, for instance, a cow giving | gallon of milk daily is 
not more than half as efficient as a cow giving 4 gallons daily. Leitch 
and Godden ” give the efficiency of conversion of energy in egg pro- 


7 Wheat Studies. Food Research Institute. Stanford University, California. 18 
(No. 2), 37, 1941. 

* Some of the food may disappear for industrial purposes or to feed domestic animals. 

aa Food Production in War ” (1923). Clarendon Press, Oxford. 

*0 “ Efficiency of Farm Animals in the Conversion of Feeding Stuffs to Food for Man” 
(1941). Imp. Bureau Animal Nut., Rowett Institute, Aberdeen, Tech. Com., 14. 
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duction as 19-6 for hens laying one egg daily and 9-0 for hens laying 
120 eggs yearly. 

There are a large number of problems in connection with conversion 
factors, two may be mentioned: (1) the efficiency of conversion of 
proteins is always greater than the energy conversion; (2) animals 
consume much food unsuitable for human consumption. But one 
point is certain that far more human food of vegetable origin can be 
produced on an acre of land than human food of animal origin; the 
ratio is probably in the region of 8 to 1. 

It may be accepted that in the past diets containing comparatively 
large amounts of foods of animal origin have been consumed by the 
more energetic and progressive races of mankind. But the newer 
knowledge of nutrition has pointed the way to great possibilities of 
finding all that is needed for the best growth and health in foodstuffs 
of vegetable origin. There is need for much research upon the pro- 
cessing and preparation of foodstuffs that all the nutrients needed 
for good health may be available in seductive form. Science has 
more to offer the people of countries where malnutrition is rife than 
those of countries more happily situated. 

A high infantile mortality rate is a national disgrace, one of the 
many causes is malnutrition of pregnant and lactating mothers. It 
follows that these women should be adequately fed; if they have not 
the means to pay for the needed foods then the cost should be met from 
public funds. Another matter which demands the attention of politi- 
cians is the feeding of indigent school children or possibly all school 
children. Malnourished children are not educationally receptive, 
this supports the contention that a child is as much entitled to good 
nutrition as it is to primary education. 

Educational Authorities. There must be co-operation between the 
health and education authorities that nutritional and homecraft 
matters may be taught in the schools. The agricultural authorities 
are also concerned that wherever possible there should be gardens 
near the schools where the children are taught to practice good culti- 
vation, and learn something of the dietary values of garden produce. 

Agricultural Authorities. The greater part of the food supply of most 
countries comes from agricultural activities. The health authorities 
must point out the crops which are desirable nutritionally, and the 
agricultural authorities should promote the production of these as 
far as the land is suitable for them, and they can be grown In con- 
formity with sound agricultural policy. 
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In some countries there are areas where tea, rubber, coconuts, 
sugar and other “‘ money” crops cover all the lands, and none is left 
for garden produce for the labourers, and their diets of imported 
foodstuffs are usually monotonous and deficient in more respects than 
one. There should be lands on or near all estates reserved for gardens 
for the labourers; also there should be regulations for the proper 
cultivation of them, because instances have occurred where estate 
owners have set aside some lands for gardens but without provision 
for manure and other necessities, and these lands have become derelict. 

The Chinese are great gardeners. In some tropical countries— 
Malaya for instance—they have shown an ability to make the land 
bring forth in abundance where others have failed. Their methods 
of gardening are worthy of study so that they may be introduced to 
tropical countries where there is great need for garden produce. 

Two books on vegetable cultivation in the tropics by authors who 
have had experience of Chinese methods may be recommended; one 
is by Milsum and Grist of Malaya, and the other by Herklots of Hong 
Kong. 

Where food crops are grown, regulations may be needed so that the 
local population obtain a share of them; for estate owners or peasants 
have been known to sell in the best markets and leave those living in 
the neighbourhood without certain foodstuffs which would be of 
benefit to their health. Indeed, there has been starvation amid plenty. 

Predial larceny is so rife in some countries that the peasants will 
not grow fruits and vegetables which are easily pilfered. Although 
this may seriously affect the health of the public, yet police and magis- 
trates are apt almost to condone this larceny under the impression that 
the culprits are usually in great need. 

Animal Husbandry. Mixed farming is desirable not only for a 
supply of milk and meat but also for manure to maintain soil fertility. 
Unfortunately, in tropical countties (except in the uplands), cattle do 
not thrive as in temperate climates, and the expense of supplying milk 
to the labouring classes may be prohibitive, especially is this the case 
where there are long dry seasons, or cattle disease is rife. Dried milk 
powders may be the only feasible supply. The possibilities of drying 
milk locally during the season of plenty should always be investigated. 

Goats are hardy animals and will thrive in most countries, and may 
contribute a much-needed supply of milk for young children. 

Water buffalo cows are far more hardy, though somewhat less 
amenable to handling, than the common cow, and on rough pasturage 
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will give more milk. In many wet lowlands of the tropics where the 
supply of milk is meagre because cattle do not flourish a greater 
use or introduction of the buffalo might solve the problem. 

Fisheries. In no parts of the tropics have fisheries been developed 
to an extent comparable with the fisheries of the temperate climates. 
Indeed, much fish is imported into tropical countries, such as salted 
Canadian ling fish. 

Much of the fishing takes place from the shore (the most effective 
method is by large seine nets) or from canoes putting out to sea. 
Whether or not these more or less primitive methods can be successfully 
replaced by the methods of temperate climates, carried out from larger 
boats, is a matter which has yet to be decided. 

Tropical waters appear to contain fewer fish than the seas of colder 
climates, and added to this are the difficulties of preserving the catches. 
The cost of cold storage is prohibited by the price the labouring classes 
can afford to pay for the fish, and therefore the methods of preservation 
must be confined to salting, drying and smoking. 

In some countries much fish is taken from the freshwater lakes and 
rivers, and in many cases the methods of fishing are undeveloped 
and uncontrolled, and this leads to wasteful practices, as when large 
quantities of larval fish are caught in fine cotton nets, or the whole 
width of a river is barred by traps against migrating fish going to the 
spawning grounds. 

Marketing, Transport and Storage. These are matters of particular 
importance. It is a common experience in the tropics that some 
food product, which can be produced locally and is urgently needed 
by the masses, is not available because of the absence of the necessary 
marketing facilities. Co-operative marketing, dealing with foodstuffs in 
small or large amounts, is proving successful in several countries. 


CHAPTER XIX 
FOOD POISONING 


Foop poisoning may be either endogenous, in which the food contains 
some naturally occurring poisons, or exogenous, due to micro-organ- 
isms producing toxins in it. 


ENDOGENOUS POISONS 
(1) Lathyrism 

This is a spastic spinal paralysis which is usually associated with 
the consumption of lathyrus peas! (Lathyrus sativus, L. cicera, 
L. hirsutus) also called khesari dhall. 

This disease has occurred in France, Italy, Spain and in most 
countries where small peas, often in the form of dhalls, may enter 
largely into the diets of the poorer classes. Much study has been 
paid to widespread outbreaks in various parts of India. Acton calcu- 
lated that there were about 60,000 cases in Rewah in 1922, mainly 
among men in the prime of life. 

Anderson, Howard and Simonsen? carried out laboratory and 
agricultural studies during several years. They examined thirty samples 
of lathyrus peas sold in localities where lathyrism was common and 
found an impurity in the form of seeds of the weed akta (Vicia sativa 
var augustifolia). They failed to isolate poisons from the lathyrus 
pea, but confirmed the existence, previously reported, of the alkaloidal 
bases vicine and divicine and the cyanogenetic glucoside vicianin in 
akta. Feeding experiments on ducks and monkeys appeared to show 
that the lathyrus pea was harmless and nutritious, whereas akta 
produced types of paralysis leading to death. 

Akta is a small-leafed vetch. It produces explosive pods containing 
seeds of various degrees of hardness, so that some germinate at the next 
season and some in later years. Hence, once the soil is contaminated 
with this harmful weed, crops of khesari grown on the soil will be more 
or less heavily contaminated with akta; and special sowing and 
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weeding are needed to get rid of it. The two seeds somewhat resemble 
one another, but that of akta is the smaller. 

An outbreak of lathyrism has been reported in a Punjab village 
where Vicia sativa had contaminated the wheat of the previous harvest.* 

Another aspect of the question has been reported by Young.* 
During his studies of lathyrism in a number of Indian villages he could 
find ‘‘ no confirmation that lathyrism is caused by a contamination 
of Lathyrus sativus by the weed Vicia sativa.” He states further: 
** Lathyrism is pre-eminently a famine year phenomenon, it is one of 
the pains and penalties of poverty and malnutrition.” The villagers 
sow the lathyrus pea with the cereals wheat and barley, as an insurance 
against starvation; for with partial failure of the rains the cereals 
do not grow, but the pea, requiring less moisture, produces a fair crop; 
and then during that season khesari becomes the staple article of the 
diets, which are deficient in many respects, especially in vitamin A. 
Young found night blindness common among the villagers he studied. 

Mellanby ®* failed to produce degenerative changes of the nervous 
system of dogs by feeding them on khesari, but some samples of the 
akta pea readily caused these changes. Further, he found that these 
“lesions of the nervous system were greatly reduced by including 
vitamin A and carotene in the diet.” 

Cases of spastic paralysis closely resembling lathyrism have been 
reported which cannot be traced to either khesari or akta. 

As pointed out by Mellanby, among samples of these peas those 
which have a smell of mustiness are the more poisonous, and it may 
be that many pulses are dangerous after damp storage. 

The disease is at least five times as common among men as among 
women, and its onset often follows great activities; this is easily 
explained because the men take more food, hence more khesari, to 
supply the needs of hard work. 

The findings of different observers may be reconciled as follows: 


(a) Khesari when entering largely into a generally poor diet may be 
followed by lathyrism. 
(b) Akta is more poisonous than khesari and a mixture of the two 
is more harmful than khesari alone. 
(c) All samples of akta and khesari are not equally poisonous, and 
other pulses may be poisonous or become poisonous on storage. 
* Ind. med. Gaz. (1939), 74, 385. 


4 Ind. J. med. Res. (1927), 15, 453. 
6 ** Nutrition and Disease ’’ (1924), p. 140. (Oliver and Boyd.) 
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Pathology. Myelin degeneration of the posterior and postero- 
lateral columns of the cord has been described, but probably all 
columns are affected. Sclerosis occurs in the later stages. 

Symptoms. In many cases the onset is sudden without prodromata 
and may follow a recent stress such as a bout of malaria. In other 
cases prodromal symptoms, such as tingling and numbness, occur. 
The earliest signs are weak, stiff and trembling legs. The severity of 
the symptoms rapidly increases, and in a few days the patient is unable 
to walk without the aid of a stick. Then a peculiar gait appears as the 
patient struggles to walk with the aid of a two-handed staff; “ the 
leg bearing the weight of the body is bent at the knee and trembles, 
while the advancing limb dragged wearily forward and strongly 
abducted, is planted unsteadily directly in front of its fellow, the toes 
reaching the ground first.’’ At this stage there is no atrophy or loss of 
muscular tone. The knee jerks are increased, ankle clonus is marked 
and Romberg’s sign is absent. Sensation is normal. Many patients 
slowly recover, but others become crippled for life. 


(2) Goitrogenicity of Soya Beans ® 


Rats and chicks will develop goitres when fed on preparations of 
soya beans. The effect is prevented by cooking; and iodine will 
counteract it. The factor is not extracted by fat solvents. 


(3) Epidemic Dropsy 

Many suggestions have been made concerning the cause of this 
disease. At one time, because oedema was a salient sign and the 
disease occurred among rice-eating people, it was customary to include 
it among the wet forms of beriberi. 

Munro’ pointed out as long ago as 1908 that the lay public in 
India blamed mustard oil as the cause of this disease. Sarkar ® in 
1926 recorded the appearance of symptoms of epidemic dropsy in 
thirteen persons after the consumption of mustard oil adulterated 
with argemone oil. The latter oil is locally called sialkata or katakar 
oil and is expressed from the seeds of the prickly poppy (Argemone 
mexicana) (Fig. 46), which often grows wild in mustard fields. Mainly 
due to the careful work of Lal and Roy,? from 1937 onwards, on the 


° J. Nutrit. (1941), 22, 1. 
” Ind. med. Gaz. (1908), 43, 124. 
8 Ibid. (1926), 62, 506. 


* Ind. J. med. Res., 1937, 25, 163, 177 and 239; Ibid., 1939, 27, 28, 163 and 191. 
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history, epidemiology and by human experiments, the cause of epidemic 
dropsy has become established as being due to the seeds of argemone 
contaminating mustard seeds. Chopra and his co-workers also 
carried out human experiments which are confirmatory. 

There are several species of mustard and the seeds of that most 
frequently contaminated with argemone is Brassica juncea. It is the 
edible oil expressed from a mixture of these seeds which is harmful. 
The nature of the toxin in the oil is not known. Diets deficient in 
vitamins and proteins, and rich in carbohydrates appear to have a 
contributory effect by making the patients more susceptible to the 





S 
Prickly-bobpby (Argemone mexicana.) 
A. Flowereleaf. B. cabeu/e x. C seedxi2. 
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disease.11_ Mustard oil is widely used in India for cooking. Lal and 
his co-workers describe a complicated test with nitric acid by which 
the amount of argemone oil in mustard oil may be determined. They 
suggest that mustard oil containing 0-5 per cent. of the contaminant 
should be condemned. 

Epidemic dropsy occurs at all ages, and men and women are equally 
susceptible. The disease is not confined to the poorer classes, 
it has frequently been described among middle class Bengalese 
families. 


10 Ind. 1. Gaz. (1939), 74, 193. ae 
at cg Mag De (1946). “Tropical Medicine,” p. 807. Macmillan, 


%. 


378 TROPICAL NUTRITION AND DIETETICS 


Symptoms. The onset of the disease may be slow or sudden. It 
usually commences with diarrhoea; vomiting may occur. (Edema of 
the ankles soon appears, and may spread as far as the knees or beyond. 
The cedema is of a solid type and at first there is tenderness on pressure. 
Fever occurs in the majority of cases but is seldom high, usually 
ranging from 99° to 102° F. In all cases there is dyspnoea with cardiac 
disturbance, weak irregular pulse and low blood pressure. In some 
cases breathlessness and heart symptoms are very severe. The knee 
jerks are normal, and mild neuritis occurs only in a small percentage 
of cases and in these the knee jerks may be absent. The liver is 
enlarged. 

The signs and symptoms vary somewhat in different outbreaks. 
In those which are not severe, intestinal disturbance, oedema, a little 
fever and cardiac weakness complete the picture. In more serious 
outbreaks erythematous rashes and pigmentation of the face occur 
in many cases. In about 6 per cent. of cases curious angioneurotic 
nodules (sarcoids), which bleed on slight pressure, appear on the skin 
or occasionally on the tongue. Eye symptoms with cupping of the 
discs and even glaucoma occur as rarities. In some outbreaks there is 
marked anemia. 

Pregnant women, when affected, usually abort. The absence of 
neuritis distinguishes the disease from wet beriberi. The course of 
the disease is usually about six weeks. In some outbreaks there is 
little or no mortality; but in others there may be many deaths from 
cardiac failure. 

The treatment consists in stopping the consumption of mustard oil, 
and giving a diet rich in proteins and vitamins. Some authors consider 
that a rice diet is contraindicated. 


(4) Atriplicism 


This disease occurs in China and is due to eating the young shoots 
of Atriplex littoralis. It occurs only among the indigent. The onset 
is sudden, with itching and tingling of the hands and later the forearms; 
these parts become oedematous and the face may be similarly affected. 
There may be ecchymoses and bull, aggravated by scratching. Some- 
times the finger-tips become gangrenous. The disease must be diagnosed 
from Raynaud’s disease and erythromelalgia. The cedema clears up 
within a week and the general health is not affected. The ganerene 
of the fingers leaves chronic ulcers. = 
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(5) Ackee Poisoning (Vomiting Sickness of Jamaica 1?) 


This is due to eating a fruit, called ackee in Jamaica; it is the fruit 
of a common West Indian and South American tree (Blighia sapinda) 
(Pl. XV, Fig. 45). The tree was originally brought from the west coast 
of Africa, where the fruit is called Isin. The fruit is wholesome when 
mature and in good condition; but unripe fruit, those from an injured 
branch and many falling to the ground are poisonous. The poison 
of immature and unsound fruit is soluble in hot water. 

Symptoms. The onset is sudden with abdominal pain and vomiting, 
often there is apparent recovery followed three or four hours later by 
very severe vomiting of a cerebral type with convulsions, coma and 
death. The case mortality is 80-90 per cent., and death takes place 
on an average in twelve hours after the onset, but the period may be 
as short as two hours. Convalescence is complete in twenty-four hours 
in those who recover. 

There are no characteristic post-mortem changes. Hyperemia of 
the viscera, petechial hemorrhages of the intestine and some fatty 
changes in the liver are suggestive when considered with the history 
during life. 


(6) Prussic Acid (HCN) in Manioc and Other Foodstuffs 


Many plant foodstuffs contain cyanogenetic glycosides together 
with one (or more) homologous enzyme. The quantity of the glycoside 
depends to some extent on the conditions of soil and weather under 
which the plant has grown. Bruising or other injury of the foodstuff 
brings about enzyme action and HCN is set free from the glycoside. 
Cyanogenetic glycosides have been found in the following: maize, 
sorghum millet, rough gram (Cicer arietinum), field bean (Dolichos 
lablab), lima bean (Phaseolus lunatus), black gram (P. mungo), kidney 
bean (haricot) (P. vulgaris), sweet potato (Ipomea batata), manioc 
(cassava) (Manihot utilissima), lettuce (Lactuca sativa), linseed (Linum 
usitatissimum), almond (Prunus amygdalis), and seeds of lemons, limes, 
cherries, apples, apricots, prunes, plums and pears. 

The first glycoside to be isolated was amygdalin from bitter almonds, 
and it has since been found in apricots, plums, pears and other fruits. 
Emulsin of almonds hydrolyses this glycoside to benzaldehyde, HCN 
and glucose as in the following equation: 


CyHy,0N + 2H,O = C;H,O + HCN + 2C,H1:0¢- 


12 The cause of “ Vomiting Sickness ” of Jamaica was discovered by H. H. Scott, 
see Ann. trop. Med. Parasit., 10. 
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The emulsin of almonds consists of three enzymes—amygdalase, 
B-glucase and cyanase—and the process of hydrolysis takes place in 
three stages. 


Dhurrin is the glycoside of the sorghum millet. 
Linamarin is the glycoside of linseed, beans, peas and manioc 
(cassava). The enzyme which frees the HCN is linase. 


In most of the above foodstuffs the glycosides are never likely to 
give rise to poisoning either because they are present in very small 
amounts, or occur in parts which are not eaten, such as in the seeds 
of fruits, apple pips for instance. Cases of poisoning are not infre- 
quently reported following the consumption of manioc or lima beans. 

MANIOC POISONING. At one time it was usual to consider that 
there were two species, the “ bitter” (M. wtilissima) and the “‘ sweet ”’ 
(M. apii). The former and not the latter being 
poisonous. But the many races of the plant 
are all of one species and they all produce and 
store a cyanogenetic glycoside, though some 
races produce much more of the poison than 
others. Most of the glycoside and enzyme 
are in the outer coats of the manioc root, 
apparently as a protection against insect pests. 

Fic. 49 These outer coats form a peel which is easily 
removed (Fig. 49). 

When the content of HCN is being determined the peel and the 
rest of the root are separated, smashed up and allowed to stand for 
two hours, this liberates the enzyme which in its turn breaks up the 
glycoside and frees the HCN (see Appendix XVII, p. 457). Analyses of 
samples of ordinary garden manioc shows that on an average the peel 
contains about 0-1 per cent. HCN and the rest of the root only 0-003 
per cent. 

But exceptional samples contain far more poison than this. The 
smallest dose of HCN known to have been fatal for an adult is 0:9 gr 
(0-06 gm.),but recovery has taken place after 2-4 gr. The peel constitutes 
about 20 per cent. of the whole root. It follows that about 2 oz. of the peel 
or 10 oz. of the whole root of an average sample of well-bruised manioc 
might contain a minimum fatal dose. Fresh, undamaged roots peeled 
and boiled are safe, because cooking destroys the enzyme or removes 
most of the poison. When poisoning occurs it is due to roots which 
contain a greater amount of glycoside than usual, and have been 
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badly bruised so that the HCN is liberated and spreads throughout 
the root. 

Symptoms of Poisoning. These start suddenly with giddiness, 
headache and mental confusion followed by insensibility and loss of 
muscular power. The eyes are bright and prominent. Breathing 
becomes stertorous and death takes place from asphyxia. Convulsions 
and involuntary urination and defecation often precede death. 
Vomiting may occur. Death usually occurs within two hours of taking 
the meal, but the fatal period may be longer. 

Much discussion has taken place on the question of chronic or 
cumulative poisoning, but the evidence is against the existence of these. 
General ill-health, however, may be the result of repeated attacks of 
sub-acute poisoning. 

Post-mortem Signs. These are suggestive of death from asphyxia. 
But most reliance must be placed on the presence of large quantities 
of manioc in the stomach, smelling more or less strongly of HCN. 

Treatment. The best antidote is a mixture of ferrous and ferric 
salts with a strong alkali such as sodium carbonate. This should be 
followed by washing out the stomach and repeating the dose. 


Precautions when Cooking Manioc Roots: 


(1) Manioc roots should not be bruised, and damaged roots should 
be discarded. 
(2) The roots should be as fresh as possible and not exposed for 
long to the sun. 
(3) The roots should be peeled and quickly washed. The cooking 
_ pot should not be more than half filled with the peeled roots. 
(4) The level of the water in the vessel should always well cover 
the roots so that steam will not condense on exposed roots and 
fall back into the pot. 
(5) The vessel should not be covered with a lid so that the volatile 
HCN may escape with the steam. 
(6) The water in which manioc has been boiled must be thrown away. 
Some people who are accustomed to eat much manioc will not 
take uncooked food with it. There may be a sound reason for this, 
in that the enzymes are destroyed by cooking, and HCN is no longer 
set free from the glycoside in boiled manioc; but the enzymes of fresh 
vegetable foods may be able to act on the glycoside in the stomach or 


intestines. . , 
LIMA BEAN POISONING, The amount of HCN in these beans varies 
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greatly; in analyses of ten samples grown from different localities the 
amounts ranged from 0-1 to 0-006 per cent. The beans have diverse 
colours or combinations of colours, such as red, brown, white, red on 
buff, etc., but the colour of a sample is not a criterion of the quantity 
of poison it contains. Usually, however, the white beans do not 
contain more than 0-02 per cent. Lima beans are far less likely to 
cause poisoning than manioc; one of the reasons is that the enzyme 
can act only to a limited extent in the dried bean, and when cooking 
takes place boiling quickly destroys the enzyme. 


(7) Selenium Poisoning 


There are limited areas scattered widely throughout the Great 
Plains of the U.S.A. and other parts of the Americas where the soils 
contain an unusual amount of selenium. The fodders and grains 
grown on these soils are unduly rich in selentum, and poisoning 
occurs among the farm animals of these areas. 

The poisoning was first called “‘ alkali’? disease because it was 
thought to have some association with patches of alkaline soil. The 
disease has also been called blind staggers. 

The signs in cattle are stunted growth, emaciation, loss of hair, 
the hooves are affected and in severe cases there is even shedding of 
the horn of the hoof, atrophy and cirrhosis of the liver, extreme 
anemia and death. Reproductive power is diminished. Fowls fed 
on seleniferous corn produce eggs which are infertile when the grain 
contains 10 parts per million, of low hatchability at 5 p.p.m., but are 
not affected at 24 p.p.m. 

Young rats are very sensitive to selenium and if fed when three 
weeks old on wheat grown on seleniferous soil they will die in about 
twenty days, whereas older rats similarly fed are not greatly affected. 

High protein diets are protective if they are rich in methionine, 
for it appears that one of the poisonous effects of selenium is to inhibit 
enzymes which depend for their activity on a sulph-hydryl group. 

The serious effects which are seen in cattle have not been found 
occurring in people living on seleniferous land. The reason is that 
human beings in proportion to their size consume far smaller amounts 
of foodstuffs than farm animals; and also much human food may be 
imported and not grown in the locality. 

Mild selenium poisoning in human beings causes stunting of growth, 
loss of appetite and gastric and intestinal disturbances. 

The selenium in plants grown on seleniferous soil can be reduced 
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by manuring the soil with large quantities of sulphur and calcium 
sulphate. 

The determinations of selenium in biological materials are com- 
plicated procedures. 


(8) Molybdenum 


There are pastures in Somersetshire called “‘ teart”’ lands, where 
sheep suffer from diarrhoea and wasting, due to molybdenum in the 
fodder. For some unknown reason the administration of copper 
will cure the disorder. 


(9) Fluorosis 


Mottling of the teeth was the first recognized result of chronic 
fluorine intoxication. This condition, reported from many parts of 
the world, is usually due to the presence of fluorine in drinking water. 
When the amount of fluorine in the water exceeds one part per million 
some degree of mottling of the teeth usually occurs among the children 
drinking it. 

The permanent teeth are much more often affected than the deci- 
duous, but where the fluorine content of the water supply is particularly 
high the latter may also show mottling. 

The sequence of change is that areas of the enamel slowly lose their 
shiny appearance and become dead white, resembling chalk; these 
areas may be irregular patches on the surface in the centre of the teeth, 
or may appear as bands or irregular striations. These white areas 
become irregularly pigmented to a chocolate colour, so that white 
opaque areas and other areas of various degrees of pigmentation 
give the teeth a marked mottled appearance. These changes are com- 
monest in the upper incisors, but other teeth may be affected. 

Hutchinsonian teeth (Pl. XVI, Fig. 46) of the lower jaw are some- 
times seen in cases of fluorosis in children whose sera are negative to 
tests for syphilis; but they also occur in malnourished children who 
are neither fluorotic nor syphilitic. 

Observations that fluorotic teeth are somewhat resistant to caries 
have received support from animal experiments which have shown 
that fluorine reduces the incidences of caries in rats fed caries-producing 
diets. 

Far more serious conditions than fluorotic teeth may occur in 
persons who ingest relatively large quantities of fluorine. Cryolite 
is a naturally occurring sodium aluminium fluoride and it is used in 
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several manufacturing processes, such as in the production of alumi- 
nium or making opal glass. Roholm (1937) ** described chronic 
fluorine intoxication among cryolite workers in Denmark and recorded 
calcification of ligaments and increased density of bone leading to 
stiffness and limitation of movement accompanied by aches and pains. 

Shortt 14 and his associates studied endemic fluorosis in the Madras 
Presidency in localities where the drinking water contains 2-3 p.p.m. | 
of fluorine and in some places more than this. Serious intoxication 
apparently does not occur much before the age of thirty, nor with 
less than fifteen years’ consumption of fluorotic water and then slow 
calcification starts. Therefore the poison or the effect of the poison 
is cumulative. X-ray photos of the affected show that the skeleton 
increases in density and osteophytic outgrowths appear on various 
bones, such as the long bones, vertebre and ribs. Many ligaments 
and even fascie become calcified (Pl. XVI, Fig. 47). These changes 
cause severe rheumatic pains, rigidity of the spine, limitation of move- 
ment of the joints and thorax. The patient must turn his whole body 
when changing the direction of his gaze. The joints and limbs first 
affected may be those on which occupational stresses fall, for example, 
more strain falls upon the left than upon the right arm of basket 
makers, and their left wrists and arms are the first to show the effects 
of fluorosis. Calcification of thoracic structures leads to fixation of 
the chest and diaphragmatic breathing. In extreme cases the patients 
may eventually become bed-ridden. Mottled and striated finger nails 
have been described as an early sign of fluorosis by Leo Spira.1® 

Pandit '© and his co-workers studied the incidence of fluorosis in 
the Madras Presidency in conjunction with dietary surveys, and reported 
that malnutrition was a contributory factor in the production of 
mottled teeth; and further that avitaminosis C played an important 
part in bringing about the skeletal changes. Pandit and Rao 2” pro- 
duced marked increase of skeletal density and osteophytic outgrowths 
by administering sodium fluoride to monkeys on diets deficient in 
vitamin C, 

In localities where the rocks are relatively rich in fluorine not only 
water but also foodstuffs may be contaminated with the element, and 
this may add to the amount taken in with the water. But, strangely 


** “Fluorine Intoxication ” (1937), H. K. Lewis & Co.. L d 

14 Ind. J. med. Res. (1937), 25, 553: and ] 2” 72, 396. 

: i Five (1943). 45, Fee : ; and Ind. med. Gaz., 72, 396. 
nd. J. med. Res. (1940), 28, 533. 

17 Ibid., 28, 559. : 
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enough, fluorosis appears never to have been traced to foodstuffs 
alone, although they may contain considerable amounts of fluorine. 
Reid 18 has shown that Chinese teas may contain 3-75-39-88 mg. 
per 100 gm. on a dry basis. Lockwood ?* has found similar high 
amounts of fluorine in Chinese and Indian teas. 

Determination of Fluorine in Water. Various methods have been 
used and the simplest is Sanchis’s, which has the advantage that it 
can be used in field work (see Appendix XVIII, p. 458). 

Fluoride ions in water can be removed by filtration after they have 
been precipitated by such chemicals as alum, lime or magnesia, but the 
processes are far too expensive for large water supplies. 

Various mixtures of more or less insoluble chemicals, which will 
remove the fluorides when the water comes in contact with them, 
have been used. Most of them contain large amounts of alumina, 
placed in the sand filter bed. Defluorite, prepared by Jewell Filter Co., 
is one of these. The disadvantage is that most of these preparations 
are quickly exhausted and hence are expensive. 


(10) Saponins in Foodstuffs 


Saponins have been found in many foodstuffs, and among these 
are: soya bean, beetroot, palmyra root (Borassus flabellifer), potato, 
tannia (Xanthosoma), taro (Colocasea), alfalfa (Medicago sativa), 
spinach (Spinacea oleracea), trianthem (Trianthema monogyna), bread 
fruit, tomato, pumpkin (Cucurbita maxima), calabash (Lagenaria 
yulgaris), ridge gourd (Luffa acutangula), bitter gourd (Momordica 
charantia), groundnut (Arachis hypogea), capsicum, melon, orange 
and rambutan (Nephelium lappaceum). 

The saponins are a somewhat heterogenous group of nitrogen-free 
glucosides, and many of them, though not all, have the general 
formula C,Ho,— Oy. The name saponin is derived from their 
property of forming frothy soap-like solutions in water. On hydrolysis 
they break up into glucose and substances having the general name 
sapogenin. Many of them are difficult to isolate. 

Not all saponins are poisonous, and the most poisonous have been 
somewhat loosely called sapotoxins. 

Some sapotoxins have no effect on the alimentary tract and are 
not absorbed from it, and hence may be swallowed without harm. 
Cyclamen (sow bread, Cyclamen europeum) contains a sapotoxin 


18 Chin. J. Phys. (1936), 10, 259. 
19 Analyst (1937), 62, 775. 
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very poisonous when injected, yet pigs will feed and thrive on cyclamen. 
It is, however, a drastic cathartic for man. 

Other sapotoxins are easily absorbed from the alimentary tract— 
that of the corn cockle (Argostemma) is an example. It has been 
suggested that some cases of mysterious poisoning have been due to 
the accidental contamination of wheat or other cereals with the seeds 
of the corn cockle. 

It is possible that sapotoxins which are not absorbed from the healthy 
alimentary tract may be absorbed when there is ulceration. 

Dr. Alfred Clark,”° working in Trinidad, attributed the prevalence 
of nephritis among the labouring classes to the great consumption 
of the coco-yam tannia; the suggestion being that it was due to the 
irritant action of the saponin. Oberdorffer 21 considered the consump- 
tion of coco-yams (C. esculentum) in Nigeria a predisposing factor 
in the spread of leprosy. But the evidence in both cases is far from 
conclusive. 

Sapotoxins are general irritants, and when rubbed into the skin 
cause inflammation and bleb formation. When taken by mouth 
they may cause severe gastro-enteritis, and on absorption form com- 
pounds with lecithin and produce paralysis of the nerve centres and 
the heart. Nothing is definitely known of chronic or cumulative 
poisoning in man. 


(11) Solanin 


This, occurring in potatoes, is allied to the saponins. The amount 
in potatoes depends on various factors such as the condition of the 
weather during growth. Potatoes which have been partly exposed and 
have become green contain an increased amount of solanin and large 
potatoes contain more than small ones. 


About 30 mg. per 100 gm. of solanin must be present in the roots 
before poisoning is likely to occur. 

The symptoms of poisoning are those of acute gastro-enteritis 
associated with nervous prostration and collapse resembling those 
caused by poisonous fungi. 

Potatoes sometimes become poisonous after improper storage has 


allowed sprouting to occur. There is some evidence that this is due to 
bacterial invasion. 


*° Trans. R. Soc. trop. Med. and Hyg. (1932), 26, 301 
*1 Arch. Schiffs-u. Tropenhyg. (1938), 42, 36. ; , 
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(12) Poisonous Fungi 


Many relatively large fungi of the class Basidiomycetes are edible 
and are called, in a general sense, mushrooms. A few species are 
poisonous. 

The symptoms of poisoning by these fungi may be mainly gastro- 
intestinal with vomiting and purging, or mainly cerebral, with excite- 
ment, convulsions, delirium and stupor, or a mixture of the two. 
The pupils may be dilated or contracted, depending upon the particular 
species of “‘ mushroom” consumed; if it contained muscarine, then 
_ the pupils will be contracted. 

The treatment consists in emptying the stomach, stimulants, warmth 
and, if the pupils are markedly contracted, the administration of 
one-fiftieth grain of atropine. 


(13) Bread Poisoning 


This has occurred where the wheat or other cereals has been largely 
contaminated with the seeds of some poisonous weed. In the few 
cases reported the corn cockle, darnel grass (Lolium temulentum) or 
one or other species of Senecio has been suspected. In the case of the 
second it has been suggested that the seeds are poisonous because of 
infection with the fungus Endoconidium temulentum, but this is doubtful. 

Bread poisoning cannot occur where the wheat is properly cleaned 
of foreign matter prior to milling. But the wheat is seldom properly 
cleaned where primitive village methods are in use for preparing flour. 

Ropy bread is not poisonous but may give rise to digestive disturb- 
ances. It is due to infection of flour, kneading troughs or other part 
of the bakery with the spore-bearing anaerobe B. mesentericus (panis 
yiscosi). Great cleanliness in the bakery is needed for its elimination. 


(14) Fagopyrism 

All parts of the buckwheat plant (Fagopyrium esculentum) contain 
a substance capable of producing photo-sensitization in animals. 
This occurs only in stock having unpigmented skin and after exposure 
to the sun, when a vesicular dermatitis occurs. 

Some human individuals are sensitive to buckwheat and develop 
a rash after eating foods made from buckwheat flour. 


(15) Fish and Shell Fish Poisoning 


Symptoms of gastro-enteritis following the consumption of fish, 


especially when stale or tinned, are usually due to exogenous poisons 
25-2 
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produced in them by bacteria after the fish have been caught (see below), 
but some fish contain endogenous poisons about which little is known. 
These may be considered under three headings: 

(a) Some people have an idiosyncrasy to “shell fish” (crabs, 
lobsters, molluscs, etc.), and consumption of these may be followed 
by digestive disturbances more or less severe, or by general malaise 
and urticaria. 

(b) Fish of certain genera always contain poisonous alkaloids called 
leucomaines within their tissues. The puffers and globe fish of 
the family Tetradontide are notoriously poisonous. Tetradon 
hispidus is the death fish of Hawaii. The deadly “fugu” of 
Japan is another species. The livers are particularly poisonous 
and have been used criminally. The genus Diodon also has 
poisonous species, such as the Porcupine fish; here again some 
particular organ, liver, roes, etc., may be very poisonous. 

The usual symptoms are gastro-enteritis accompanied by 
generalized poisoning leading to delirium and coma. 

The poisonous fish are well known and cases of poisoning are 
uncommon. 

(c) Fish, which may usually be eaten with impunity, become 
poisonous in some localities at certain seasons. This has been 
known to occur with many kinds of shell fish (crustaceans and 
molluscs) and even with such common fish as eels, mackerel, 
herrings, sprats and barracuda (Sphyrena). The reason of the 
appearance of these poisons in fish is not known, though it is 
probably due to the fish consuming poisonous foodstuffs. 


EXOGENOUS POISONS 
Bacterial Food Poisoning 

The term ptomaine poisoning has been so widely used that it is 
worth while considering the origin and meaning of it. 

Selmi gave the name ptomaine (from the Greek word meaning a 
carcase) to certain substances found in putrefying meat, and having 
some chemical reactions similar to those of vegetable alkaloids, They 
contain amine groups and are formed by bacteria splitting off CO, 
from the amino-acids of proteins, thus: 

CH,NH,(CH,).. CHNH,.COOH = CH,NH,.(CH,),.CH,NH.+ CO, 
ornithine putrescin : ‘ 


CH;NHy. (CH,)3. CHNH,.COOH =CH,NH,. (CH,),.CHyNH,-++CO, 


lysine cadaverin 
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It will be seen from the above formule that ptomaines are strongly 
basic. 

Mainly due to the work of Brieger °° from 1889 onwards, food 
poisoning came to be regarded as due to ptomaines appearing in food 
as the result of bacterial decomposition. But putrescin, cadaverin and 
the great majority of ptomaines which have been isolated, are not 
poisonous in the amounts occurring in putrefying food. Further 
ptomaines appear only in foods in a state of decomposition far too 
repulsive to most people. | 

The belief in ptomaine poisoning disappeared among bacteriologists 
as the result of the work of Savage and White °° in England and 
Jordon 24 in America. These investigators found that most outbreaks 
of poisoning were due to the infection of food with organisms of the 
Salmonella group, and much more rarely to other organisms. The 
former workers mention four outbreaks due to bacteria of the dysentery 
group. 

Dack 25 and his colleagues in Chicago have found that food poisoning 
may be due to toxins generated in foods by certain staphylococci. 
This has been confirmed. Streptococci have been incriminated in a 
few cases. 

Botulism, a rare and special type of food poisoning, was well known 
in the last century, and the causal organism was isolated and incri- 
minated by van Ermengem in 1896. 

Therefore the vast majority of all cases of bacterial food poisoning 
fall into one or other of the three categories: 

(a) Salmonella poisoning. 
(b) Staphylococci poisoning. 
(c) Botulism. 

But, as several of the organisms of the Salmonella group cause 
enteric infections of the paratyphoid type it is advisable to consider 
the limitations of the significance of the term bacterial food poisoning. 

In some cases all the signs and symptoms are produced by toxins 
generated in the food by the particular bacteria or set free from the 
bodies of the bacteria by digestion in the alimentary tract. The 
following laboratory accident is an example of this: Researches were 
being carried out on the effects of dysentery vaccines given by the 
mouth. A flask of sterile milk had been inoculated from a culture of 


22 Virchow’s Arch. (1889), 115, 483. 

23 Spec. Rep. Ser. med. Res. Coun. (1925), 91, 92. 

24 * Food Poisoning.” University of Chicago Press. 
26 J. prev. Med., Baltimore (1931), 5, 391. 
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B. flexneri, incubated for 48 hours, and sterilized by heating to 60° C. 
Its sterility had been confirmed culturally. The odour and taste of 
the milk were indistinguishable from boiled milk. An inquisitive 
laboratory attendant drank about 2 oz. of the milk from this flask; 
in a few hours he became seriously ill with vomiting and the continual 
passage of blood and mucus; lke died in 24 hours. This fulminating 
attack was due to the endotoxins from masses of B. flexneri. 

On the other hand, there may be a subsequent infection imposed 
upon the initial poisoning. The following is an example of this: 
Many cases of dysentery of sudden onset occurred on a large ocean 
liner; the outbreak started in the Red Sea and several persons had 
died by the time the ship reached Ceylon. Cases had occurred among 
the first- and second-class passengers and the crew, and as there were 
three separate kitchen galleys, the only prepared foodstuffs common to 
all on board were bread, butcher’s meat and milk. The milk supply 
was quickly incriminated. Reconstituted milk was in use, it was 
prepared by mixing in hot water correct amounts of dried skimmed 
milk powder and fresh butter from the cold storage and shaking 
thoroughly. Customarily this was done in a machine called the 
** iron cow,” which could be kept more or less sterile; but the iron cow 
had broken down and the milk was being prepared by a youth detailed 
to shake up the mixture in large bottles. The youth was found to be 
a chronic carrier of B. flexneri, the organism was isolated from his 
feces. He stated that he had suffered from dysentery on the previous 
voyage. The cases ranged from mild to fulminating attacks of dysen- 
tery; the severity, doubtless, was determined by the amount of 
B. flexneri swallowed. 

The term food poisoning should be used only for those cases where 
the signs and symptoms appear within a few hours of the consumption 
of the infected food and are due to bacterial toxins. But when there 
is an incubation period of a day or more followed by more or less 
prolonged fever, the disease is an infection. It follows that in the case 
of some organisms food poisoning and infections may occur in the same 
outbreak as was the case in the second example mentioned above. 


Salmonella Poisoning 2° 
| A very large number of species of the Salmonella group have been 
incriminated in food poisoning.  S. typhi-murium, previously named 


*° For detailed consideration of Salmonella poisoni Pb ; isoning.” 
Dewberry (1947). Leonard Hill. : i Bre S0od. EGisoniiie aaa 
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S. aertryche, is by far the commonest; it has been found in 60 per cent. 
of outbreaks of salmonella poisoning in Great Britain. It is followed 
in frequency by S. choleresius, S. enteritidis (Gaertner), S. thompson 
and S. newport. Various species of these organisms may occur in 
the alimentary tract of all species of mammals and probably all species 
of birds, where they may or may not cause enteritis. They have been 
found in man, rats, mice, pigs, sheep, horses, cattle, goats, dogs, cats, 
turkeys, ducks and chicken, also in fowls’ and ducks’ eggs. Contamina- 
tion of food from these sources is the origin of food poisoning. 

Poisoning by these organisms falls into two types. The first is due 
to the toxins only, generated in stale food; the onset is sudden, with 
acute vomiting and diarrhoea, which as a rule subside suddenly and 
complete recovery takes place in a day or two; deaths from this type 
of food poisoning are rare. The second type is usually more serious, 
it starts with sudden onset due to toxins, but the disease continues due to 
the invasion of the toxin-damaged mucosa of the intestines by the 
organisms, and an enteric fever of varying severity sets in. 

There are two important facts which should be remembered in 
connection with salmonella food poisoning: 

(1) That the organisms may generate much toxin in a food without 
producing a taint discoverable by tasting or smelling. 

Topley and Wilson *’ (p. 1,260) illustrate this with a graphic story 
told by van Ermengem. A meat inspector in Belgium was asked to 
give his opinion on some suspected sausages. Judging from their 
excellent appearance, their good smell and their rosy colour he pro- 
nounced them suitable for consumption, and to show their harmlessness 
he ate three slices himself. He developed acute gastro-enteritis and 
died in five days. From his viscera at autopsy and from the sausages, 
S. enteritidis was isolated. 

(2) Although the organisms are easily killed by heat, the toxins 
of some of them are not destroyed by ordinary cooking, or even 
in the process of canning; thus canned goods may contain the 
toxin but not the living bacteria. 

Salmonella poisoning is the commonest form of bacterial food poison- 
ing. Savage and White state of outbreaks they investigated: “Excluding 
three outbreaks probably not food poisoning and including one cheese 
outbreak as certainly of Salmonella origin, this gives 67 out of 97 or 70 
per cent. of food poisoning outbreaks as due to Salmonella bacilli.” 

Throughout the tropics as much or more dried or salted fish 1s 


27 ** The Principles of Bacteriology and Immunity.” Ed. Arnold and Co., London. 
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consumed as fresh fish. Almost all of it is odorous from some degree 
of bacterial decomposition, it seldom causes food poisoning. The 
explanation is that the organisms of putrefaction do not produce 
toxins, or only in such small amounts that immunity is quickly acquired; 
and further that they inhibit the growth of the Salmonella group of 
organisms. The same explanation may be offered as regards those 
who eat the flesh of mammals in a high state of decomposition. 


Staphylococci Food Poisoning 

This is a gastro-enteritis due to the consumption of foodstuffs in 
which very heavy growths of certain strains of staphylococci have ~ 
occurred. Most outbreaks have been traced to ice-creams, milk, 
pastries, cakes or other confectionery which have been kept under 
conditions favourable for bacterial growth. Ice-creams prepared for 
some time prior to freezing, or old stock, which has thawed and been 
frozen again, have been incriminated on many occasions. 

Staphylococcus albus, aureus, and even a yellow type have been 
found in foods causing outbreaks of poisoning, but many strains of 
these three types appear to be harmless. 

Staphylococci are ubiquitous organisms, and the isolation of any 
of them from food is no indication that the food is harmful; before any 
can be considered harmful the organism must be found in heavy growth. 
There is no satisfactory animal test of their toxicity; but when 0-5 ml. 
of a broth culture of a harmful strain is heated to 100° C., quickly 
cooled and injected intraperitoneally into a guinea pig it is usually 
followed by severe enteritis. 


Botulism 


This is due to the toxins produced by the anaerobe Clostridium 
botulinum in foodstuffs. The organism is common in soils and can 
be isolated in nearly 30 per cent. of all samples. Hence many foodstuffs 
are naturally contaminated with its resistant spores. But the organism 
is not pathogenic in sense of being infective, and can produce toxins 
only under very special circumstances. 

Most cases of botulism in Europe have been traced to sausages, 
hams, game patés, potted meats and bacon. Whereas in America the 
commonest contaminated foods have been canned fruits and vegetables, 
string beans, spinach and beans. Cheese, and dried or salted fish have 
also been incriminated. 


The spores of C. botulinum in a neutral medium may resist boiling 
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for several hours or a temperature of 120° C. for 20 minutes. It is 
strange therefore that much canned or bottled foodstuff prepared 
in home kitchens does not become dangerous. The manufacturers of 
canned foodstuffs are alive to the dangers, and order their methods of 
sterilization to meet them. 

The organism is a gas former, and in most cases of infected canned 
foods the cans are blown; that is, they bulge and gas escapes on 
opening them.** The food may have a rancid smell and a disintegrated 
appearance. Unfortunately, cans with toxic foodstuffs are not always 
blown, and the contents may appear to be satisfactory. 

The incubation period is usually less than twenty-four hours after 
consumption of the affected food, and rarely it may be prolonged to 
the third day. There may be vomiting, but most of the symptoms 
are referable to the nerves, the eyes show paralysis of accommodation, 
diplopia and ptosis; there is dysphagia, aphasia and diminished 
secretion of saliva. The temperature is generally subnormal. When 
death occurs it takes place with great suffering; the patient remains 
conscious but cannot speak, see or swallow and the respiratory move- 
ments become gradually paralysed. 

It is stated that oils prevent the absorption of the toxin, and that 
soaps neutralize the toxin, and therefore vegetable oil by mouth and 
high soap enemas are recommended for treatment. 


Outbreaks of Food Poisoning 

The nature of the foods which give rise to bacterial poisoning differ 
in different countries. Sausages are a common vehicle in Germany, 
canned vegetables and fruits in America, and various types of fresh fish 
or shell fish in tropical countries. 

Savage and White? gave the nature of the vehicle in 203 outbreaks 


as follows: 
Number Per cent. 


Canned meat = s . : : 31 

Canned fish , ; ’ Z ; : : v4 | 30:5 
Canned fruit : ; : ; : : : 4 

Milk . ; : : . é 3 : : 14 6:9 
Milk products (cheese, ice-cream, etc.) . : ; 16 7:9 
Made-up meat (potted meat, sausages, brawn, etc.) . 54 26°6 
Manipulated meat (pickled beef, frozen meat, etc.) . 10 49 
Butcher’s meat. - : ‘ 2 : : 33 16:3 
Fruits and vegetables (tomatoes, plums, potatoes). 8 3-9 
Other foods : : : : : é 6 2:9 


28 Other organisms than C. botulinum may be the cause of blown cans. Sometimes 
the contents of blown cans are sterile. When this occurs it may be due to cans containing 
acid vegetables or fruits, and having cheap perishable linings (such as shellac), and CO, is 
produced when the acids come in contact with the underlying metal. 

2 Spec. Rep. Ser. med. Res. Coun., London (1925), 92. 
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Outbreaks of food poisoning are common in hotels and boarding 
houses in the tropics, and are particularly common on ships plying in 
tropical waters; the reason in the latter case is easily explained. The 
space which can be allotted for a ship’s galleys is necessarily small, the 
cooks and other workers are much more crowded together than those 
doing similar work on shore. The temperature in the galleys may be 
very high, in fact, it may be above blood heat, and perspiration drops 
from the cooks and contaminates the dishes they are preparing. When 
there are rough seas an increased strain is thrown upon the workers 
in the galley; liquid food will inevitably be spilled or splashed on the 
benches, in the cold lockers and on the decks; solid food may roll 
off pans and dishes. This soiling supplies an excellent pabulum for 
bacteria, and when rough weather continues for several days there 
will be difficulty in cleaning the galleys, and the heat will be conducive 
to a rapid growth of bacteria. The brushes and mops may become 
infected and distribute the infection, so that, once an organism of the 
Salmonella or other group establishes itself, it will become widespread 
and multiply in any food which is favourable for its growth. Such 
infections usually last for many voyages. The original infection may 
have been brought on board in any foodstuff, or it is possible that there 
may be a “ carrier ” of some particular organism among the galley crew. 

The prevention of food poisoning requires the practice of scrupulous 
cleanliness in kitchens and galleys. All benches, sinks, vessels and 
appliances used in the preparation of foods should be scalded with 
boiling water after use. Particular attention should be paid to the 
milk supply. Brushes and cloths used for cleaning should be boiled 
periodically. A limit should be placed on the number of times any 
food, such as a joint, is removed from and returned to cold storage. 
Ice-creams which have been thawed and kept for some time at room 
temperature and stale pastries should be discarded. Dishes made from 
remnants should be avoided as far as possible. It should always be 
remembered that cooking may not render a contaminated food safe. 


Food Poisoning by Infective Fungi 


Ergotism is due to cereal grains being attacked by the ascomycete 
fungus Claviceps purpurea. Most outbreaks have occurred in Europe 
and Asiatic Russia, Rye has been the commonest grain attacked. 

The fungus grows in the grains, which enlarge and become replaced 
by the mycelium. Finally, a large purple black, hard mass known as 
the sclerotium is formed. This is the poisonous ergot grain. Bad 
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weather conditions and waterlogged soils predispose cereals to the 
attack of this fungus. 

The disease occurs in two types: (a) Gangrenous ergotism, where 
the poison mainly affects the arterioles, causing thickening of the middle 
coat and hyaline degeneration of the intima, and this leads to throm- 
bosis. The result is gangrene of the toes and fingers and occasionally 
of the ears and tip of the nose. (b) Convulsive ergotism, where degenera- 
tion of the posterior columns of the spinal cord and cells of the brain 
occurs. The disease starts with numbness and formication of the hands 
and feet, with twitchings and cramps of the muscles of the fingers and 
toes. Later the muscles of the whole body are affected. 

The patient may tumble about in a drunken manner from extreme 
giddiness. Convulsions, blindness and deafness are more advanced 
symptoms and there may be delirium. Relapses are sometimes accom- 
panied by hemiplegia or paraplegia. 

Mellanby has shown that ample vitamin A or carotene protects 
dogs and rabbits against poisoning by moderate doses of ergot. So 
here again, as with lathyrism, deficient diets are the predisposing 
cause of outbreaks of the disease. 

The treatment consists in giving a generous diet particularly rich 
in vitamin A. 

Claviceps paspali infecting the seeds of grasses of the genus Paspalum 
has caused poisoning, similar to ergotism, in horses and cattle. It is 
possible that infection of the millet Paspalum scorbiculatum might 
cause poisoning in man. And it may be that other fungi of this genus 
have yet to be recognized. 


CHAPTER XX 


ANALYSES OF FOODSTUFFS AND COMPUTATION OF 
DIETARY VALUES. TABLES OF ANALYSES 


Ir is within the knowledge of everyone that meat varies greatly in the 
amount of fat and gristle it contains; that some samples of the same 
vegetables are far more fibrous than others; that fish of one season 
are fatter than the same kind of fish of another season; and that 
unripe fruits are more acid and contain less sugar than those which 
are ripe. 

The quantities of the constituents of plant products depend not only 
on the species but on the variety of the plant, the stage of growth 
whether young or mature, the soil on which they are grown 
and the circumstances of cultivation such as the past state of the 
weather. 

Numerous examples of the effects of these factors can be found 
in any analytical tables, to give two from McCance and Widdowson !: 
(a) the protein in English wheat is given as 8-9 per cent., the similar 
figure for Canadian wheat is 13-6 per cent.; (5) green gooseberries 
contain 1 per cent. of available carbohydrates, whereas ripe goose- 
berries contain 2:6 per cent. The content of minerals in vegetables is 
much influenced by the amount of minerals in the soil on which they 
are grown, for instance, the amount of calcium in the egg plant is 
given as 8 mg./100 g. for analyses carried out in Java, whereas the 
figure for Malayan analyses is 24 mg./100 g.; again, one author gives 
the amount of iron in carrots as 9-0 mg./100 g., and another as 
0-2 mg./100 g., doubtless the carrots of the former analysis were grown 
on a very ferruginous soil. 

The amount of one constituent of a foodstuff is relative to the amounts 
of the other constituents; in particular the quantity of water present 
affects the whole percentage composition. The moisture in the rela- 
tively dry grains, cereals and pulses, ranges from 7 to 16 per cent., 
the amount being determined not only by the conditions before and at 
the time of harvesting but also by the degree of atmospheric humidity 
during storage. The water content of roots and other vegetables 


? Spec. Ser. Rep. med. Res. Coun. (1946), No. 235. 
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shows even greater variation, various analyses of taro have ranged 
from 56 to 83 per cent. of water, and of green leaves from 65 to 95 per 
cent. 

It is not astonishing, therefore, that tables of analyses drawn up by 
different authors from the determinations carried out in their labora- 
tories are never in more than approximate agreement. This is due 
not only to the natural variations in the composition of foodstuffs, 
but also to the different methods of analyses and calculations. A few 
of these may be considered in detail. 

Water Content. The usual method has been by prolonged drying 
in an air oven, but this may lead to erroneous results due to water 
retention or chemical alteration. This method is now being replaced 
by drying in vacuo under standardized conditions, or by distillation 
with the sample immersed in toluene, or by the use of infra-red 
rays. 

Proteins. It was at one time customary to determine the amount of 
nitrogen present in a food by means of the Kjeldahl method or some 
modification of it, and to calculate the protein content by multiplying 
the amount of nitrogen by the factor 6-25. There are two possible 
errors in this, which may be very small for some foodstuffs though 
not for others. The first is that all the nitrogen present may not be 
in the form of protein: this can be overcome by separating the proteins 
before analysis. The second is that the factor 6:25 is based on the 
assumption that the protein contains 16 per cent. of nitrogen, which 
is not true of all proteins, though in many cases the error is very small. 
The specific factor is known for the protein of some foodstuffs, in 
particular those of cereal grains and oil seeds. The following are 
examples: 


Wheat flour, refined 5:70 
Wheat, whole grain 5°83 
Rye, barley, oats 5°83 
Rice . F 5:95 
Peanuts 5:46 
Soya beans Se 7Al 
Almonds 5-18 
Brazil nuts’. ; . 5:46 
Other oilseeds and nuts . 5-30 
Milk . : : : 6°38 
Gelatine 5°55 


When the specific factor is not known, the factor 6:25 is 


used. 
Fats. Two general methods for estimating fat are in use: (a) con- 


tinuous extraction with ether or other solvent in a Soxhlet apparatus, 
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and (b) saponification. “The extraction method includes crude fat, 
phospholipids and other substances. The saponification method gives 
the fat in terms of fatty acids. For the extraction method the sample 
must be thoroughly dried and ground. ; 

Carbohydrates. At one time it was customary to subtract the sum 
of the amounts of proteins, fats and fibre from the total organic matter 
and take the difference as carbohydrates, but this includes polysac- 
charides such as cellulose and pentosans which are not fully, if at 
all, utilizable by man. The present method is to determine the 
starches, dextrins and sugars and record the sum of them as available 
carbohydrate. 

The carbohydrate of cereals is almost entirely available, but this is 
not the case with some pulses, an extreme example is soya bean, in 
which only about 25 per cent. of the carbohydrate is available, thus 
under the older method the amount of carbohydrate would be about 
32 per cent., the figure now given is 8 per cent. 

Calories. The original Rubner’s figures for estimating the calories 
of a foodstuff are 4-1, 9:3 and 4-1 per gram for proteins, fats and 
carbohydrates respectively, and these are used in some tables of food 
values. More frequently, however, the figures 4,9 and4are used. This 
has been done in the tables given on pages 402-426. 

The physiological caloric value is not 4 per gm. for all proteins, 
and all carbohydrates, nor 9 per gm. for all fats. For example, starch 
is 4-12 per gm. and sugar is 3-87. 

Organic Acids. Citric and malic acid are almost completely oxidized 
in the body. They make up the bulk of the organic acids found in 
foods, such as citrus fruits, which supply a very small addition to the 
total calories of the food. The gross factor 2-45 calories per gm. has 
been used (citric acid: 2-47; malic acid: 2-42) in calculating the 
calories contributed by these acids. 


Vegetables in which the Organic Acids contribute more than 2 Per Cent. of the 
Total Calories 


(Raw Basis) 
P Calories from Acids 
Vegetable (Percentage of the total) 
Cabbage : : : ; Re PRPS 
Carrot t ; 7 : . 2°83 
Brussels sprout e : P sera 
Lettuce : : ‘ : . ood 
Kale . : é : ‘ 4 eh) 
Cucumber . : ; e . 4:60 
Tomato : ; : ; - 6:24 
Cauliflower . : : : . 6°54 


Squash : ; ; ; » 12°30 
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Fruits in which the Organic Acids contribute more than 4 Per Cent. of the Total Calories 


(Raw Basis) 
; Calories from acids 
* Fruit (Percentage of the Total) 

Pineapple. : ‘ , . 419 

Prune : : : } = 25:06 

Plum . ; ‘ ; : - 6:01 

Orange : : : ; - 6:45 
Cranberries . ‘ ; ; . 9-60 
Grapefruit . : ; : = 11-30 

Lemon juice . . ; F 6225 


* Energy-yielding components of Food and Computation of Caloric Values. F.A.O. 
(United Nations), May, 1947 

The case of lemon juice is exceptional: McCance and Widdowson 
give a caloric value of 7 for lemon juice based on 0-3 per cent. protein 
and 1-6 per cent. availablec arbohydrate; if the organic acids, chiefly 
citric, are taken into consideration the caloric value is 18-7. 

Refuse. In calculating the calories and nutrients of food as pur- 
chased, allowances must be made for the portions which are discarded, 
these include the bones of meat and fish, the skins of fruit, the peel 
of roots, stalks and outer leaves of vegetables. In some analytical 
tables these are referred to as waste, a better term is refuse. 

The amount of refuse varies in different countries, being dependent 
to some extent upon the food habits of the people, but to a greater 
extent upon the nature and state of the food. There may be far more 
refuse from some meats, fruits, vegetables and roots than from others 
during the preparation for cooking. Goats, sheep and cattle are usually 
leaner and more bony in tropical than in temperate countries. Small 
bony fish give rise to much refuse. 

It is a fairly simple matter to weigh the foodstuffs as they appear in 
the market and the edible portions as served at meals, so that tables 
may be prepared for each country. Where much dried or salted 
fish is used it is important that the amount of water, salt and refuse 
should be known for each variety. Table LX will be a guide prepared 
from the average of figures from several countries. 

Alcoholic Beverages. Alcohol has a caloric value of 7 per gm., but 
this is not usually taken into account in estimating the calories 
of a diet. 


From what has been written in this chapter it follows that dietary 
prescriptions and the results of dietary surveys can be only in terms of 
general averages and approximations; and that some margin of safety 
must be allowed in prescriptions for diets. 
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TABLE LX 
Refuse (Waste) from Foodstuffs 


Amount of refuse 
Foodstuff Nature of refuse (per cent.) 


Meat, joints and chops’. : : Bone and gristle 


Poultry ‘ 
Poultry (gutted for cooking) 
Rabbit (skinned and gutted) aie we ” 
Fish (fresh, large) .- . . : Bone and skin 
*Fish (fresh, small) . . ati 8 ee 

Crabs. : . : : Shell and guts 
Lobsters and prawns : : : 2 99 9 
Molluscs (oysters, etc.) - ; - Shell 
Roots 

Potatoes and sweet potatoes . : Peel 

Yams, taro, manioc : : 
Starchy vegetable fruits 

Plantain (unripe) . 

Bread fruit . 

Jak fruit 
Gourds 

Pumpkin and cucumber 
Vegetable fruits 

Egg plant, ladies’ seb : : Stalks 
Leaves : : 
Fruits 

Banana (ripe) ‘ , ‘ ; Skin 

Papaw : ‘ ; : : Skin and seeds 

Oranges 

Lemons and limes. 

Mangoes and passion fruit 

Mangosteens and rambutan 
Nuts 

Coconut (see Appendix X, p. saad 

Ground pea (peanut) : 

Other nuts 








* In various tropical countries there are many kinds of fresh or dried whitebait and 
small sprats in use, the whole bodies of which are eaten; where this is the case there is 
little or no refuse. 


The Tables LXI to LXXII on pp..402-426 have been drawn up from 
a number of other tables published in Europe and America, and from 
the records of analyses of foodstuffs of India, Malaya, Java, Ceylon, 
Burma, the Philippines, South Africa and South America. 

It is certain that the tables of the future will have many modifications 
and alterations from those of the present when more specific factors 
have been discovered of the physiological availability of the various 
nutrients, other methods of analyses have been elaborated and many 
more analyses have been made of tropical foodstuffs. 

Among the works consulted in drawing up Tables LXI-LXXII are: 

Aykroyd, W. R. (1938). Health Bulletin, India, No. 28. 

McCance, R. A., and Widdowson, E. M. (1946). ‘* Chemi ca 
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Composition of Foods,” Spec. Rep. Series, med. Res. Counc., No. 235. 

Platt, B.S. (1945). Ibid, 253. 

Randoin, L., et al. (1947). ‘“‘ Tables de Composition Des 
Aliments,” Jnst. sci. D’ Hyg. Aliment., Paris. 

** Proximate Composition of American Food Material,’ U.S. Dept. 
Agr. Circ. No. 549 (1940). 

“Tables of Food Composition in Terms of Eleven Nutrients,” 
U.S. Dept. Agri. Misc. Pub. No. 572 (1945). 
Nutr. Abstr. Rev. (1940-49). Rowett Institute, Aberdeen. Vols. 10-18. 


T.N.D. 


TABLE LXI 








2 
SN 
© 5 pe = 2 ~ 1 
85/8 | 2 |28\48|88 
fete) e) [L, Om = 
: : OH — % Os < 5 [L, 5 
No. English name Botanical name so| & E & 2 2 
*% 
gm. | gm. | gm. | gm, | gm 
11:0] 3-0 | 56 | o. 
1 | Adley (Job’s tears) . | Coix lachryma Pee SG athena 16 0-8 | 0-5 
12:0} 1:5 | 71 : 
2| Barley . : . | Hordeum vulgare. | 11:0 34104 | 20 1:5 | 4-0 
10:0} 4:5 | 70 ; 
3 | Maize (whole). . | Zeamays . + | 115) 55) 73] ag | 13) 2° 
9-5| 4:0 | 68 
4 | +Maize meal (96% Ex.)| Zea mays 12-0 ed bres bat 1:2 | 1:0 
8:0} 0:5 | 75 
5 | Maize meal (60% Ex.) | Zea mays . - | 12:0 33/01) 21 1:0 | V.L 
3:-5| 0-7 | 15 
6 | tMaize, tender cob . | Zea mays 75-0 10| 02 | 42 06) — 
; : 10:0} 1:0 | 70 
7 | Millet, Indian . . | Pannicum spp. . | 12-0 rae oe 3:0 | 4-0 
8| Millet, Italian. . | SetariaItalica - | 12-0 ee at ss 3-0 | 7-0 
; : 8-0; 1:0 | 74 ; 
9 | Millet, Kodra . . | Paspalum sp. . = | PR 551 O31 1355) OS 
10 | Millet, Pearl. : iptasl als typhoi- } 12-0 ze a ti 2:5 | 1:5 
11 | Millet (Ragi) . . | Eleusine coracana 12-0 pa ae a 3:0 | 3-0 
12 | Millet, Sorghum . | Sorghum vulgare. | 12:0 oa a a 2:0 | 4:0 
13 | Oatmeal . ; ; re Arena sativa . 10-0 oe - a 1-8.) 35 
Rice, home-pounde , : 8-0 | 2:0 | 76 : 
14 | orlightly milled f| Orvz@ sativa. . | 12-0] >) —— | = | 13 | 10 
. . . ' 7:0} 1:0 | 78 
15 | Rice, highly milled . | O tiva . Pie Wa A 8) bea oes to 0:5 |V. 
ice, highly ryza sativa 50) 0st 3 VE 
16 | Rice, parboiled . | Oryzasativa. . | 12-0 i aes a 0:7 | 0:3 
17 | Rye meal : . | Secale cereale oa eli2-0 te = i 1-5 1 To 
18 | Wheat, whole . _. | Triticum vulgare. | 13-0 he 3 2-:0.| 3:5 
19 | Wheat flour (85% Ex.) | Triticum vulgare. | 13-0 a ee i 13h 
20 | Wheat flour (70% Ex.) | Triticum vulgare. | 13-0 ae a3 . 1:2. | Vai 
21 | Wheat bread (85% Ex.)| Triticum vulgare. | 40-0 3 a3 ais 1-0 | 0-8 
. . 4 
22 | Wheat bread (70% Ex.)| Triticum vulgare. | 42-0 . O7 | 22 | oO8 IVIL 
“Oy 0:20 088 
23 | Wheat pastes: Maca- 
roni, noodles, spa- 11-0 | 11:0} 1:3 | 72 
getti, etc. “3:1| 0-4 | 20 \the com 


* The upper figure in these columns in gm., mg. or 
+ Yellow maize contains carotene of 100 LU. 


t Tender cob contains carotene of 250 I.U. vitamin A 
— Data insufficient. 


Cereals and Bread 
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a ey 140 | 28° Fe 
3 sa 20 | 200 | 4 neat ae ae 
4 =a ig | 180 | 3 sha 2 aa 
5 saad 9 | 100] 1:55 a = oy 
6| OB] 9 | 9) os) i | 
7 ace 25 | 300 | 5 a as aS 
8 ve 25 | 280] 5 sa uy oe 
9 sl 40 | 340 | 5 aaa us abu 
10 = 20 | 280 | 5 aaa a ae 
11 Zs 350 | 380 | 5 a be ue 
12 ee 25 | 280 | 5 o ee ae 
13 st 56 | 420 | 5 ae ad S 
14 = su15021" 2 ee x a0 
15 bes 5 | 50 | 0-5 t 2 7 
16 ee 10 | 100 | 1 a i za 
17 * 55 | 380 | 4 ae 1 
18 60 | 370 | 6 a a 
19 = 30 | 280 | 4 a ue ca 
20 = 16 | 100 | 1 | © ae ib 
21 20 | 200 | 3 a a x4 
pea see | it.1 70) 1 = - a 

















pg. per 100 gm. and lower figure per OZ. 
vitamin A value per 100 gm. 
value per 100 gm. and ascorbic acid 60 mg. per 100 gm. 


TABLE LXxXIlI 





























oO 
fou ae 
: 5 38 a Bi) e Fi 
Common name Botanical name 2 ° S |'O8 | 4 = 
ob/ es | mh | Sei“ leg 
= -— | & S| &| & 
gm. | gm. | 8m. | gm. | gm 
Ty |... we a tee, Na callie hake tlea ye terete ee 5 
Bambara groundnut . | Voandzeia subterranea\| 10 as a 1s © ol oe 
wel 16:0} 3-0 | 50 
Carob bean. - | Ceratonia siliqua “h51.0-87 I 4 
Cow pea (gram) . | Vigna unguiculata ca pan D 3:0 | 4:0 
. . 50 
tDhall (red) lentil . | Lens esculenta adh pus T4 222 nO 
; tem 22:0} 2:0 | 50 
tDhall (yellow) - | Cajanus indicus “SO hacia sen bo 
; : 24:0} 1:0 | 55 : 
Field bean : - | Dolichos lablab —=70| o3 | Ts 30120 
Goa bean : . | Psophocarpus mee 330} 16 | 30/ | 
gonolobus 9:0] 4°5_ : 2 il 
24:0| 1-0 ; 
Gram (black) mung . | Phaseolus mungo 701 O37 5 Se2aleaes 
22:0| 1-0 
+ faxcines : 
{Gram (green) mung | Phaseolus aureus “55 pail as 3:5 | 4:0 
Gram (rough) . . | Cicer arietinum a ae 2 2:8 | 4-0 
Kidney bean, haricot | Phaseolus vulgarus . = ; 2 = 3:0 | 3-0 
{Lathyrus pea (khesari)} Lathyrus sativus cs ak a ee ie i | 
Lima bean ; - | Phaseolus lunatus ae a a 3-5 | 5:0 
Locust bean. - | Parkia spp. 15:0), 70) 30 
4:2) 2:0 | 8-5 
Pea (dried). . | Pisum sativur 22:0} 10 | 53 ‘ 
tt i 52/03) 15} 7 oe 
Pea nut (ground pea) | Arachis hypogea 260) 46_ 10 . ‘ 
1s Nypog 731 13°| D8 2:0 | 3-0 
Soya bean : - | Glycine max : 35-0} 18 | 12 ; 
4 100| 50) 34) °°) oe 
Soya bean curd - | Glycine max . TS) 42 G8 ot oem 0 
2:1} 1:2 | 0-9 
Soya bean milk - | Glycine max . 3:4) 1:25)°29 | ee 
9195031106 
Sword bean. - | Canavalia ensiformis 38:0) 3:04).53 | 
11:0] 0-8 | 15 
Tepary bean. - | Phaseolus acutifolius 24-0 10) 23? {ae 
7-0} 0:3 | 16 
Velvet bean. - | Mucuna sp. 24:0) .3°0 | 27) Se 
7:0| 0-8 | 7-6 








* For fresh beans and peas, see Table LXVI. 
t The upper figure in these columns is gm., mg. 
+ Yellow pulses contain small amounts of 
0 Trace amounts only. 

— Data insufficient, 


Pulses * 














SOIC) th | Sab a | “a E . 
No.| 2 | Se Bo <S E 3 s Local name 
Sage oa os | = Z 
Ales ves tas | & | elle 
GO | Bm] Fw wp 
ce & = g § = 
a ug. | wg. | mg 
346 7 aa 
1} oe | 90 | 300) 4 | Fe 
291 
te ee oh be 
ae econ) 850174. | 220°) 140) 1:3 
81 252 | 40 | 0-4 
4} 305 | 60 | 230 | 8 | 500) 180) 28 
86 141 | 51 | 08 
86 127 | 37 | 06 
pe eso 300) 2) | 189 | | 18 
92 51 0:5 
tee, 4} 308) | 
110 8-5 
3| 317 | 200 | 370 | 9 | 420 | 340.| 23 


| 
5 


\o 
oO 
_ 
—_ 
\o 
\o 
So 
NO 
Wa 

















g| 309 | 140 | 260 | 8 | 460 | 340 | 2:3 
87 130 | 96 | 06 
10 | 323. | 180 | 240 | 9 | 350] 150 | 1-4 
100 100 | 42 | 0-4 
11 | 396 | 120 | 480 | 8 | 450 | 340 | 2:3 
86 127 | 96 | 0-6 
12 | 314 | 110 | soo | 4 | 450 | 200 | 2:5 
89 127 | 56| 07 
ee ee ys | 30] ao) 4 
oes 150 | 40 | 0-4 
14 | 0° 
Pep eto 3004. 4 | 450'/ 180 | 2°8 
87 127 | 51 | 08 
16 | 558 | 50 | 400 | 2 | 750 | 150 | 17-4 


, 


























or pg. per 100 gm. and the lower figure per Oz. 
vitamin A, the average being 100 I.U. per 100 gm. 
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TABLE LXIl 
oO 
Re 
vo ~ ~ 
ee 5 5 Ee 25/2 3 
No. English name Botanical name | 3 5 o | Sr |e oa eee 
a aE 2 5 o\|45 
Oo * Bs a, Qa. 
eye! v 
gm. | gm. | gm. | gm. | gm 
0-2 86-0 
1 | Arrowroot fecula. . | Maranta arundinacea | 13 0-0 0 40 0 0 
1-5 | O-1 | 10-0 
2 | Beetroot . ‘ . | Beta vulgaris . oa SF o4| 00] 28 1:0} i 
1:0 | 0-3 | 10-0 
3 | Carrot . : . | Daucus carota 87 03 | 01 | 28 OTs a 
1: 6:0 
A Leeks. : . | Allium porrum . | 88 i 0 7 0:3: | 14) 
: , 0-6 5-0 
5 | Lotus root ; . | Nelumbrium nucifera | 90 OT 0 8 om or 
; , ie 0-7 35-0 
6 | Manioc root (cassava) | Manihot utilissima . | 62 02 0 10-0 0-8 | 1:0 
7 | Manioc root dried \| Manihot utilissima . | 12 aus 0 aoe 20.) 23 
(cassava) ae 86-0 
8 | Manioc fecula Manihot utilissima . | 11 | ——| 0 40 02] O 
(tapioca) i 9-0 
9 | Onions . : . | Allium cepa 84 04 ae 05 30 | 2:0 
E ; 55 eel oe) 
10 | Palmyra root dried . | Borassus flabellifer . | 15 rs 0 10 1:5 | 3-0 
‘ : . 155 ‘3 | 16-0 
11 | Parsnip . : . | Pastinaca sativa 75 04101145 1-0 | 2:0 
12 | Potato . ’ . | Solanum tuberosum . | 77 a 0 sit 0-8 | 1:0 
0-6 5:4 
i3)| Radish <-. (28 ll eRephunaeineiyes 91 a3 0} 57) ose 
1-8 | 0-7 | 27-0 
14 | Sweet potato . ed : Se | teh ae . 
weet potato lpomea batatas 68 05102176 PO4/ Pd 
15 | Tania (aroids) . . | Xanthosoma spp. . | 71 ne 0 = 1-4 | 1-0 
16 | Taro (aroids) . . | Colocasia spp. + |b Tv — 0 = L524 157 
. 5 1:1 7:0 
17 | Turnip . ; . | Br ; ‘ 5 hog ete 4H ile ey 
p rassica rapa 8 03 x0 i-D Do 
. 2:0 25-0 
18 | Yam : : . | Dioscor : ie. ales SET bk : : 
ioscorea spp 0 0% 70 Os ee 
19 | Yam bean root . | Pachyrrhizus erosus. | 87 ee 0 s 2 
20 | Water calthrop . | Trapa natans . . | 45 SO 7 OFT Fa7-0) 2p ae 
1-4 | 0-2 | 18-0 











a ee ee 
* The upper figure in these columns in gm., mg., 
0 Trace amounts only. 
— Data insufficient. 
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Roots, Tubers and Feculas 





















































a |e 
n OC we ares — bob < vo g (2) 
fleeles|ts| § | 2/8 | 8 \% 
No.) 2 |.35|)2=) 25 E E 5 S 83 Local name 
3 Sea |e We c~ S ‘a 2 2a 
26 chee eS = 5 | # |< 
O& =e al =| & * ~ * 
1.U Bg vg. | mg. | mg 
3 
1 cau 0 | 0] 0 0 0 0 0 0 
47 60 60 | 50 8-0 
nA Ps ate ale — ia 
Pegs 208) 2) EO) tin ia 23 
3| 48] 42 | 40 | 0-7 | 10,000) 70 | 60 | 06 | 10-0 
14 2,830 | 20 17 2420-1* | -2°8 
ee eso ease) 034 200) 800) 50, 0-1 | 15:0 
iy 14 23 14 0| 4 
epee ss) | P+) — et eae ee 
14-4 20, 70 0-6 | 30:0 
6/4, | 25 | 50 | 05] 0 Pa ered a Ba ear 3 
328 SO O70, ee 12h VL 
7| Sy | 55 [110 | 10} 0 Fang haa 
g ae Paaposd08 oe | o | 0°} 0 
44 50 30 | 20 | 0-1 | 10-0 
as bt o> | a | 85 | 6 | 00 | 30 
320 
10 | 5 [130 | 0 | 40) — ra i. er ares 
73 70 | 0-7 | 20-0 
11] 5; | 50 | 80 | 07) 0 rot 20 ene 
84 35 0! ORE 5:0 
5 sche —— |e 
12) | | 56) 07) J 7 ia wep | Fe 
20 30 TQ eee fe 3-0} 120-0 
3) 56 | 97 | 2 || Bs | 20 | 85 | 03 | “56 
121 5,000 | 100 | 60 | 0:7 | 16-0 
14 | =| 30 | 50 07 | +700 28 7 oz |-aF 
100 As 50. e502) 2.077} 10-0 
108 30 40 | 30 | 0-4 | 10-0 
16 | 35 | 30 80 | 10] x i es or | oe 
33 20 60 | 70 | 0-5 | 25-0 
17| > | 50 | 32 an. oe 1 20 or | ao 
108 » 60 | 0-4.| 15-0 
18 | =, | 15 | 30 1309) ~-| 7 | ot | a 
48 (10) 
Sree) 1s) — ee 
1 13 (30) 
214 
STS ET xt P16 
20 | Z| 3 




















L.U., or pg. per 100 gm. and the lower figure per Oz. 
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TABLE LXIV 

2£ 
Pe | esos |peedeee 
2 qc m— A ro A 
English name Botanical name Z 8 5 8 2 8 ee 8 rc * 
SR/fR|ER) 2/%8 

Oo 
gm gm gm. | gm 
Group 1 | {‘* Amaranth” | Amaranthus spp. _ - 85 4-0 ~] 2 i 
Group 2 | tCabbage . | Brassica oleracea . 93 15 3 0:7 We Ost 
Group 3 | tLettuce . . | Lactuca sativa : 93 2, 3 0:7 0-6 
Group 4 | {Mustard leaves | Brassica juncea F 90 cea 4 1:5 1-0 
Group 5 | {Spinach . | Spinacia oleracee . 90 2-0 3 2:0 1:0 








* The upper figure in these columns is mg., I.U. or wg. per 100 gm., and the lower 

As regards composition: 

+ Many dark green leaves in common use in the tropics fall into the ‘“* Amaranth” 
(Coriandrum sativum), curry leaves (Murraya kenigii), drumstick leaves (Moringa oleifera), 
sativum), and sesbania (agathi) (Sesbania grandiflora). 

Light green or white leaves of a few highly cultivated plants fall into the cabbage group; 
(Basella rubra). The mustard leaf group includes some Chinese loose leaf cabbages, 
Ipemea leaves. The spinach group contain much oxalic acid, which may immobilize 

Note: The amount of fat in leaves is between 0:2 and 0-4 per cent. Persimmon leaves 
leaves to contain 3,585 mg. per 100 gm. (Med. Res. Council, London, No. 253, p. 21). 




















TABLE LXV 

2 
Os | ear | ead Pe 3 
= Bn = = = = =| r= 
No. English name Botanical name 38128128 /468 g 8 
Cy leyl Sp | “elke 
2al&s | a a, a. 

ste) 
gm gm. | gm 

1 | {Gourd (calabash) . | Lagenaria vulgaris . 92 0:5 > 0:5 0:8 
2 | {Pumpkin, yellow . | Cucurbita moschata. 90 1:2 7 0-6 1:0 

















* The upper figure in these columns is m i 
> Se g., I.U. or xg. per 100 gm. and the lower is 
ae ages sean seta plein pack maxima), marrow (C. pepo), bitter 
a), snake gour richosanthes anguina), choco (Sechi Z 
{ Gourds with yellow flesh have similar valiiea ecm ee ae 
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Leaves 
g | & : : 
i eel ee a | 3 g 
— SI ‘e) by, A ss 3 & fo) 
No.| 6 | 3 | 4 = : E 5 = | 85 Local name 
3 5 m& i) 8 = 5 7 Aa 
“each ay co) Be | oe | * |< 
Y ou * * * * * 
mg. | mg. | mg. | I.U Lg. pg mg. | mg 
1 | 40 | 200 80 | 3-5 | 9,000 | 150 | 170 | 0-7 | 70 
PP 9601 223. 101-0: 12,550 |) 42 48 | 02 | 20 
5 | 20 | 40 | 25 | 0:5} 500 | 100 | 60 | 0-3 | 30 
6 11 ers), 140 28 16 | O-1 | 8-5 
3 | 20 | 60 | 20 | 1-0 1,800 | 60 FOE 024) 18 
6 | 16!] 6 | 03 | 510 16 20 | 00 | 51 
4 | 28 | 200] 35 | 3-0 7,000 | 90 | 170 | 0-3 | 100 
8 | 56] 10 | 0-8 | 2,000 | 25 AS 01 a OS 
5 | 20 | 80 | 50 | 3:0 | 9,000 | 120 220 | 0-7 | 60 
Gules. 4 14 8 | 2,550 | 34 62 | 02 | 16 





figure per Oz. 


group (see p. 244) and among these are: alfalfa (Medicago sativa), coriander leaves 
garden cress (Lepidum sativum), gourd leaves (Lagenaria leucantha), parsley (Petroselium 


among these are Brussels sprouts and kale. The lettuce group includes Ceylon spinach 
New Zealand spinach (Tetragonia expansa), radish leaves and sweet potato and other 
calcium; many leaves in use in the tropics have not been analysed for oxalic acid. 

(Disospyros kaki) are stated to contain 2,726 mg. ascorbic acid per 100 gm., and the dried 


Gourds and Pumpkins 












































—= | 
a bs Lens q 
g |Se|aaie%| ¢ | 218) (2 
No.| 6 |S 6S/aS| £ E S o5 Local name 
8S lgalfalga| 2 = ae ee 2 ae 
i?) rn — “— F 
* ieelsel | F | ¥ ay ae 
Be 
mg. | mg. mg 
en ee ee ee ee 10 
1 a8 15 15 28 
cp, 
2, 10 20 | 40 7-8 











per oz. 
gourd (Momordica charantia), cucumber (Cucumis sativus), loofah (ridged or smooth) 


gourds with white flesh have similar values. 
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TABLE LXVI 































o 
s 
oO . hed . . 
a 35 25 
English name Botanical name Bo n=) 2° 
Ow Oo tu on 
v Oo vo Vv 
=o qo a, 
a 
oS) 
gm gm. 
+Avocado pear Persea americana 5-0 1-4 





Bambusa spp and = 3-0 
other genera 





ph: 
S 
—_ 
ro) 
| 







Bamboo shoots 


N 
i) 
i=) 
a 
Nn 
So 
= 


Bread fruit Artocarpus communis | 74 1-5 


Broad beans (fresh) . | Vicia faba. : 72 8-0 | 14:0 1:0 4-0 
5 | Celery stalks . . | Apium graveolus . 93 1:0 | 4-0 1-0 135 
6 | Drumsticks . . | Moringa oleifera .| 86 ao 5:0 1-4 4-1 








7 | Egg plant (Brinjal) . | Solanum melongena. 85 1-4 6-0 1-6 5-0 





8 | tFrench beans (rods) | Phaseolus vulgarus . 90 2-0 6-0 0:6 1:8 





9 | Jak fruit (pulp) . | Artocarpus integra . 84 2°5 | 10:0 0:8 17, 





10 | Jak fruit (seeds) . | Artocarpus integra . 63 3 2Sml020 15 1:4 
11 | Ladies’ fingers (Okra) | Hibiscus esculentus . 87 2-0 6:0 0:8 133 
12 | §Peas (fresh) . . | (Pisum sativum) : 73 70 1150 es 2:0 
13 | Pea nut (fresh) . | Arachis hypogea  . 42 | 13:0 6:0 ls 2:0 


14 | Peppers (green chilli) | Capsicum annuum . 88 j Bs 6:0 — — 





15 | Peppers (red chilli) . | Capsicum annuum 





16 | Peppers (dried) . | Capsicum annuum . 12 — — — — 





17 | Plantain (unripe) . | Musa paradisiaca . 80 10 | 14:0 0-7 0:5 
18 | Plantain flower . | Musa paradisiaca . 90 1-0 5-0 La 2:0 
19 | Sprouted gram. . | Phaseolus aureus. 88 2-4 6:5 0:5 0:5 


20 | Sprouted soya . . | Glycine max . c 88 4°5 2:0 0-7 0-4 





21 | Tomatoes s . | Lycopersicum escu- 
lentum , 92 10 | 4-0 1-0 = 


pb 


* The upper figure in these columns is gm., mg. or 
t Avocado pear contains 17 to 27 per cent. of 
{ All other beans in pod, including long beans (Vigna 
§ Other fresh peas and beans, except the pea nut or 
— Data insufficient. 
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Vegetable Fruits, Fresh Legumes and Stalks 

































































oral Re 
3 — 
Beloit |r| 2 = 
2 Ee E ry a 8 e 5 3. 
No.| § 5 a=) ra E 3 5 3 O's Local name 
Eaei ie |e) Ss ene 2) | as 
meecelee ee | * |e 
* - 
mg. | mg. | mg Ta peg. pg mg mg 
1 | 208 | 20 | 50 | 1:0] 200 | 120 | 150 | 141 | 16 7 
59 | 5-7| 14 | 00] 56 34 42 | 0:3 | 4:5 
pee er OS ie | — 
11.457 1.25100 
3 | 100| 30 | 30 10| 35 200 #| uae a 15 
78 | 8:5 | 85 | 03] 9:5 57 42 
ee 
BG leSstit 23 1.064) at = = a 
eso 0 08) g | 20) 03 | 7 
6 144% 11 |-0:1 8-5 11 0-1 2 
| DUN SCE Ne aan ee em 35 
9 | 85] 11 | 03) 141 9:5 
Peta 37) 0:5)) 30. | 60 | 50 08 | 5 
9 | 4:2 | 8:7 | 0-1 8-5 17 14 0-2 1 
g | 33 | 65 | 44 | 2-0 600 | 80 10 | 0-6 | 15 
93 | 18 | 12 | 0-6} 170 23. | 2-3. | 0-1 | 42 
9 | 52 | 30. | 20 | 0:5) 400 | 100 0-4 | 10 
141} 851| 56/01] 113 28 =e, Ol 8 
10 | 156} 50 | 80 | _ a hee = 2s ae 
44 | 14 | 23 
Petes?) | 62 | 1-0!) 750 | 100 | 100) 0-8 | 25 
Baeoa | 17) 037} 212 28 28 | 0-2 7 
ee s22)080.) 120) 2-0} 600 | 100} 100 | 0-8.) 25 
26 | 841 34 | 06] 170 28 28 0:2 7 
13 | 301 | 20 | 100 Seige 200 | 80 10 10 
85 | 5:6 | 28 | 03 57 23 of P8138 
14 | 32.| 15 | 30 0:5 | 750 50 | 40 | 0-4 | 150 
Oo) Ad 85 101 }, 212 14 11,01 W 42 
15 15,000 360 
”° :° 33 9 4,200 ’> ’° 3° 85 
ee a 12,000; __ = =r} 150 
2,400 42 
62 | 30 | 50 | 0:5} 100 50 60 | 0:5 10 
mbar es) {4} 04) o8 | 14 |-17 | 01 | 28 
2) 21 ee te ee ee ee 
18 | 73 | 85 | 14 | 0- 




















20| 73 | 85 | 24 | 03 a | 42 | O01 | 28 
91 | 2! 15 | 30 | 0-4 | 1,000 | 50 40 | 0-7 | 25 
6 | 42 | 85 | 0-1] 280 14 14 0-2 7 











pg. per 100 gm. and the lower figure per OZ. 

fat; all other vegetables in this table contain less than 0-5 per cent. 
sinensis), have similar analyses to French beans. 

soya bean, give similar analyses to garden peas. 
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TABLE LXVII 












































s 
oO aq = ~ + 
25/8 ]/2| 2/28/28 
No. English name Botanical name Z Ns 2 be 2 < a ae 
= A| * & Gul ee 
Ps 
gm. | gm. | gm. | gm. | gm 
1 | Acorns . : . | Quercus spp. - Be es oe a iy 1-2 | 68 
2 | Almonds. : . | Prunus amygdalis .| 5 a _ ~ 30 920 
3 | Arecanut. ; . | Areca catechu. =) ped a ae — =a) oe 
4 | Brazil nut ‘ . | Bertholletsia excelsa 5 seit oo a 3°4 | 2a 
5 | Buckwheat. : AAS YOUE ihe 14 1 a 14 1:6 | 10 
6 | Cashew nuts . : fajrsuaebated occi- 5 56 150 3s 2:7) 1-0 
7 | Chestnuts ; . | Castanea sativa . | 43 081 071100 1:0 | 1:1 
8 | Coconut . : - | Cocos nucifera say 4 ss aa ee 10)32 
9 | Coconut *‘ water” . | Cocos nucifera BARE ae os 24 0:7 0 
10 | ¢Coconut * milk’. | Cocos nucifera rae = = 0-9 0 
11 | Linseed . : - | Linum usitatissimum v — 7 — 2-4 | 4:8 
12 | Lotus seed : - | Nymphea nouchali . | 14 o- ve a 1-0) FG 
13 | Mustard (rape) seed . | Brassica spp. . : 7 2 a = 6:0 | 4:0 
14 | Pistachionut . . | Pistacia vera. .| 6 =e ees re : 2-8 | 2-1 
15 | Poppy seed _ . - | Papaver somniferum 7 oe se a Si 
16 | Pumpkin seed (kernel) | Cucurbita spp. : 3 = aa ae — 
17 | Sesame (gingelly) . | Sesamum indicum . 2 aS ee = 537 Tae 
18 | Sunflower seed. - | Helianthus anuus . | 7 — ao aa 3:4 | 28-0 
19 | Sunflower seed (kernel)| Helianthus anuus . 6 ae 25 =o a ae 
20 | Walnut . : . | Juglans regia . : 4 ae oe aa 1:8 | 2-6 
21 | Water chestnut (flour) Trapa bispinosa : 4 ae 4 ies 207] 0 








* In these columns the upper figures are grams or calories per 100 gm. and the lower 
+ This analysis is in terms of the coconut nutrients extracted in making the milk (see 
The percentages of oil in the following seeds and nuts are: Cotton seed (Gossypium), 


sativa), 33 per cent.; oilbean (Pentaclethra macrophylla), 45 per cent.; olive (flesh) (Olea 
shea nut kernel (Butrospermum parkii), 45 per cent. 
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Nuts, Oil Seeds and Miscellaneous Seeds 






































nn 
”n . 3 (=| 
a) Pee Sc 
Fs 5 oS 2a 
No. g 38 6.8 aS Local name 
O og oo 2o 
* at wo 
mg. ug 
| isl 
50 ae 
“Yi (saan) 
180 | 2°0 
Be) 50 
70 
694 
e196) 
337 
5 95° 11 
571 
6 T60 50 
144 
a 70 46 
404 
8 ii4 24 
as 
9 Tie 20 
336 
10 oF 15 
509 
1 144 7 
344 
oe | 
516 
13 146 490 
621 
14 176 140 
540 
15 753 — 
594 
16 168 60 
570 
17 | 76 |!-500 
400 
18 Tis = 
569 
19 160 100 
700 
20 | 500 83 
353 











figure per Oz. 

page 256). . Pie : . 
23 per cent.; dika nut (dried) (Irvingia gabonensis), 54 per cent.; hemp seed (Cannabis 
europea), 52 per cent.; oyster nut (Telfairia), 48 per cent.; palm nut kernels, 48 per cent. ; 
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English name 


Apple 


Apricots . 
Apricots, dried 
Bael fruit 
Banana 
tBilimbi . 
Cape gooseberry 
Cashew fruit 
+Custard apple 
Dates (dried) 
Durian 

Figs (fresh) 
Figs (dried) 
Grapes 
§Grapefruit 
Guava 

||Hog plum 
Indian gooseberry 
Jambu fruit 
Langsat . 
“]Lemon juice . 
{Lime juice 


Loquat 





Botanical name 


Malus malus 





Prunus armenaica 
Prunus armenaica 
Egle marmelos 
Musa sapientum 
Averrhea bilimbi 
Physalis peruviana 
Anacardium occidentale 
Anona squamosa 
Phenix dactylifera 
Durio zibethinus 
Ficus carica 

Ficus carica 

Vitus vinifera 
Citrus paradisi . 
Psidium guajava 
Spondias lutea . 
Emblica officinalis 
Eugenia jambos 
Lansium domesticum . 
Citrus limon 
Citrus aurantifolia 


Eriobotyra japonica . 








Moisture 
per cent. 





pe eet ee eet eb eS SS YS) oes fee. 
OG  B. cow “Go tA Na a 


60 


87 

















TABLE 
a | Be 
ee, |) UE 
red € 4. 
OU 
0:3 15 
1-0 13 
hy 67 
1-0 21 
t2 ZS 
0:4 7 
2:0 10 
1-0 7 
2:0 16 
2:0 69 
2:0 35 
1-4 17 
4:0 61 
1-0 13 
0:5 10 
1:0 8 
0:7 8 
0:3 9 
0:8 9 
1:0 


LXVIII 


Calories 
per 100 gm. 





284 
184 


265 





* The ascorbic acid content of fruits varies very greatly, the figures given 
t Carambola (A. carambola) has similar composition. 
{ Soursop (A. muricata), bullocks heart (A. reticulata) and other species 


§ Pomelo, shaddock (C. maxima) has similar composition. 


The 


|| (,) Most soft fruits containing single hard seeds have similar compo- 
| Carbohydrates include organic acids. 
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Fruits 




















































































g&| 25 <&|26/26| 8) 26 
No 3s 6S ES Es es gs 2S Local Name 
Os | 23 S35 |£3|23|\73| ga 
—& | AE as o | ae =I < & 
eel 10° POladvuleoedeiiog |-s |) 

2| 16 23 2,800 40 | 0-7 4 
3| 86 | 119 160 | 3:3 | 12 
4; — | — = ‘| 
5 8 28 60 | 06 | 10 
6| 10 10 = a 25 
7| 10 | 30 ee en es.) 
es) — | — | 600 
oa 26.) — leet tS 
10} 70 | 60 40 | 2-2 0 
Wj —}—|— ae ee oe 4 
12| 50 | 35 ; 1-0 80 | 60 | 80 | 06 a 
13 | 200 | 140 | 40 | 150] 150 | 90 | 1-7 0 
14| 20 | 22 | 03 50| 30 | 10 | 0-3 3 
is} 17 | 18 | 0-3 0| 40 | 20 | 0-2 | 40 
16 | 15 18 | 1:0 | 200] 60 | 30 | 0-5 | 200 
7) 33) 40°) 03} 100| 20 | 40 |. 0-5 9 
is: . 2 ai ern s », | 600 
19| ,, = 2 me) pe 55 2 7 
20h "ss ¥ : ie tons : , 14 
are 142) 10° 0-1 Oi 30. 46420402. |, 45 
274 14°) 10°} 0-1 O |) ees0u e200 125 


N 
Ww 


are approximately the middle figures of the published records. 


have similar composition. 
carbohydrates include organic acids. 
sition; examples are 18 to 20. 
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TABLE LXVIIIL 























2 : 

gelez|82) 35 

English narme Botanical name a 3 5 8 2 8 gs 
sajeez ealOs 

6 o. 

Mango (green) Mangifera indica mae 90 0:7 10 43 
Mango (ripe) - Mangifera indica 83 0-7 14 59 
Mangosteen Garcinea mangostana 92 0:6 6 26 
Melon (water) - Citrullus vulgaris 93 Os5 6 26 
Melon (cantaloup) Cucumis melo . 96 0-6 5 24 
Orange . Citrus sinensis . 86 0:8 10 44 
Palmyra . Borassus flabellifera . 93 0°5 i) 30 
Papaya (paw paw) Carica papaya .« 89 0-6 9 38 
tPassion fruit . Passiflora edulis 80 ihe. 16 69 
Peaches (fresh). Prunus persica . 87 0:5 10 8 
Peaches (dried) Prunus persica . 24 3-0 69 | 288 
Pears Pyrus communis 81 0:2 18 76 
Persimmon Diospyros kaka 79 1-0 iF 12 
Pineapple Ananas comosus 85 0-4 13 54 
Pomegranate Punica granatum 81 1-0 16 68 
Prickly pear Opuntia spp 81 1:0 13 26 
Prunes (dried) . Prunus domestica 24 2°3 Tl, p23 
Raisins Vitis vinifera 24 Pa 71 | 298 
§Rambutan Nephelium lappaceum 85 0:6 12 52 
Sapodilla Achras zapota . 77 0:5 20 82 
Sapote Lucuma mammosa 66 1:4 30 125 
Strawberry Fragaris grandiflora . 90 0:8 8 33 
Tamarind pulp Tamarindus indica oul 3°5 63 266 
Tree tomato Cyphomandra betacea 87 1-4 10 45 
Wood apple Feronia limonia 70 1:0 17 rie 
“* Zalacca ”’ Zalacca wallichiana . 85 1-0 13 52 





* The white-fleshed cantaloup is nearly devoid of 
+ All oranges, including tangerines, have similar 
{ The granadilla (P. quadrangularis) and the 
§ The litchi (N. litchi) and the cat’s eye (NV. 
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Fruits (continued) 





a 2 uo) 

e&8/26| &|<&)28|/ 86) .6/ 86 

No 2° ao co sO Eo S 5) o 
a BS em Ue a zs 28 5S Local name 

Be ee os ee he Bee 


—— | | —_——_—__ 
_—_—_—$—— | $< |_| |_| 








27 7 12 0:2 600 | 50 50 0-2 3 
ma AT 16 0-3 0| 60 40 0:8 30 
Z| 30 20 0:5 200 | 80 30 0:2 45 
30; — — a — — — — 3 
31 10 14 0-5 |2,500 | 20 20 0-1 80 
32 | 14 18 2:0 200 | — _— _ 20 


34 | 44 | 126 7-0 |3,000 | 10 20 5:0 12 























42| 30 | 30 | 2-0 A tse ey ee 
43| 20 | 10 | 20 | 250]; — | — | — 7 
aa). as = a, is Ras aie a 
45| 28 | 27 | 0-8 | 60] 30 | 70 | 03 | 60 
46|170 | 110 | 9-0 ee 04. f 10 
47\ 13 | 30 | 0-7 | soo] — | — 60 
ae bf — | | — | - | - 3 
49| 16 | 10 7 = ee oo 3 
/ 











carotene, that with yellow flesh contains 2,400 I.U. 
composition the carbohydrates include organic acids. 
bell apple (P. laurifolia) have similar composition. 
malaiense) are of this genus. 


T.N.D, 
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TABLE LXL 
s | aaare 
© 5 sifu |S) sae 
35 2 5 33 E ie b= 
No.| English name Botanical name 20 & 0 | 5 S c 
. 25 di/5o/| 8 LD 2 
S23. aja) Saas 
O 
Ss) Y |e 
mg. | mg. | mg. 
1 | Asafcetida . | Ferula narthea vetlel G 22°C 
2 | Cardamom Elettaria carda- 20 130 5 
momum 
3 | Chillies, green . | Capsicum annuum 
see under peppers, Table LXVI 
4 | Chillies, dry . | Capsicum annuum 
5-| Cloves . . | Eugenia aromatica. | 23 5 | 9:0| 48 740 | 100} 5 
6 | Coriander . | Coriandrum sativum | 11 14 |16:0| 22 630 | 370 | 18-¢ 
7| Cumin . . | Cuminum cyminum 12 18 | 15-0] 36 | 1,000 | 490 | 31-¢ 
8 | Fenugreek seeds | Trigonella fanum- 14 | 26 | 60) 44 160 | 370 | 14-¢ 
grecum 
9 | Garlic . . | Allium sativum my Ga Otel Fes 30 | 310; Is 
10 | Ginger . . | Zingiber officinalis . | 81 y, 1Oa| gel 20.4 6018s 
11 | Mace. . | Myristica fragrans. | 16 6 | 24:0} 48 180 | 100 | 12- 
12 | Mustard . . | Brassica juncea 
13 | Nutmeg . . | Myristica fragrams 14 8 | 36:0] 28 120 | 240 | 4: 
14 | Omum (caraway)| Carum copticum . 9 15 | 18-0} 39 | 1,400 | 300 | 14: 
15 | Pepper, green . | Piper nigrum. hod = OA ee’ it 270 | 70152 
16 | Pepper, dry . | Piper nigrum. ~ leis 11 7:0| 50 460 | 200 | 17: 


17 | Tamarind pulp. | Tamarindus indica. | 21 es Od ee ed | 170 | 110 | 11- 
18 | Turmeric. - | Curcuma longa .| 14 ao) oe) Pa 150 | 280 | 18: 





* Mg. or I.U. per 100 gm. 
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Condiments and Spices 
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*Niacin 
*Ascorbic 
acid 


< 
g 
No E 
= 
* 


Gi 
3 
ga 
3 
7 


a 


Ca 
ee f — | 0 
3 

J 

ae | — | 0 


6 | 1,500 | 1-1 | Tr. 


ee -| 11 | 0 
9| — | 0-4} 13 
io} — |06| 6 
mae | — | 0 
12 
i, | — | 0 
ae ee 
i? 30} — | — 
aa }.— | 0 
“711 100 | — | ‘10 
ma so} — | 0 





Essential oil 
per cent. 


Other constituents 


Gum resins and sulphur com- 
pounds (C,,H2,S2) 


active principle, also an oleo- 
resin (capsicin) and an alka- 


{er (G,,H,.NO,) the 
iit 


15-20 
1 
2-4 








loid. 


Eugenol esters. 
Di-penene 
Cuminic aldehyde (terpene) 


A fetid bitter fatty oil, gum 
resins and saponin 


Allyl sulphides (C;H;).S 
Gingerin an oleo-resin 
Macene 


Allyl iso-thiocyanate (C;H;NCS) 


Alkaloid piperine and a resin 
Alkaloid piperine and a resin 
Tartaric and other organic acids 


A yellow pigment and oleo-resin 


— = unknown. 


Local name 


27—2 
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TABLE LXx 























So 
English name wo 4 a ie} 5 
ey| 2 |e | oauee 
= a a *% * oO 
gm. gm. mg. 
9-0 65:0 620 13 
Bacon (fat) : : : : 20 SES 18-0 170 
15-0 30-0 330 
Bacon (whole side) 50 42 B5 3 13 
22-0 8-0 160 
Beef (lean) (tropical) . : . | 66 32 733 45 iz 
16-0 20:0 244 
Beef (moderate fat) . : - 61 45-0 = 70 12 
Chicken a3 au Ab Be 15 
aes 2-0 40 
18-0 19-0 245 15 
Duck (young). : A ; 61 30 =F 75 
13-0 14:0 178 
Egg (duck’s) ‘ : : : 71 37 39 ig 54 
13-0 11-0 151 
Egg (fowl) ; : ; A 75 37 at ro 54 
16-0 32-0 352 
Egg yolk . F : : : 49 =a wi aco 147 
16-0 6:0 384 
Goose (young) . : : . 47 re 100 Fea 50 
15-0 31-0 399 
Ham F : ; ; : 53 es Ss = 9 
, 16:0 6:0 118 
Heart (bullock’s) 74 oe ay ae 10 
: 16:0 7:0 3 
K : . : : ? 7 tet abo! 
idney 5 45 x0 36 11 
; 18-0 5-0 117 
iL : 4 3 ‘ é 71 ee Print 
1ver 50 er a 10 
: 18-0 9-0 153 
Mutton (sheep or goat) (tropical) . 72 =tasst —- pre fe 
(sheep or goat) (tropical) a < re 10 
Pork (fat) 2c hs Sa | 45 | CS Oe 8 
5 13-0 127 
Pork (lean) 50) | a0 eee 8 
3-9 10:0 105 
Insects, etc. 
: 10-0 12-0 148 
Termites . ‘ ; : : 75 28 3a a 25 
‘0 6-0 134 
lt = pais aie 
ocusts 70 eo = x 30 
: 12-0 1-4 77 
Snail : : ; ; P ate esti 
nails 78 3-4 04 0 — 


* The upper figure in these columns is gm., mg., I.U. 
0= Trace amounts only. 
— = Data insufficient. 
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Meat, Eggs, Insects and Snails 
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& 

nan 

e 

° 

P- 

No. a 
£ 

a 

mg. 

1 108 
2 108 
3 190 
4 190 
5 218 
6 200 
| 210 
8 210 
9 586 
10 200 
11 164 
12 236 
13 250 
14 373 
15 180 
16 120 
17 120 
18 — 
19 = 
20 — 














eeu aeakh = 
Fo ro} iS 
th E E 2 
Ps 3 Gs) ° 
5} = ‘= 2 
2 > = fa 
_ * * * 
mg. Ge pg. bg. 
400 100 
0:8 0 Tis at 
600 300 
Oe aln a’ 176 | 85 
100 150 
ay oF and ae 
100 150 
30; 0 | wo | 
150 150 
ek Ua am | @ 
150 150 
2-0 0 oS a 
= 1,000 14 34 
280 39 9-5 
Bs 1,000 14 34 
280 3-9 9-5 
7.9 | 3:200 32 2 
900 9 15 
40 150 150 
or ots ae 7 
vt 11 42 42 
1,000 200 
= J 780 | 56 
70 200 550 900 
56 165 255 
1,000 300 2,000 
00) 280 85) 570 
17.9 | 20:000 | 300 2,500 
5,600 85 700 
200 270 
UN oT | 7 
750 150 
Moan 212 | 42 
800 75 
i Pia 30 | 50 
1-0 i — ee 
1-0 = = — 























or pg. per 100 gm,, and the lower figure per Oz. 
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TABLE LXX] 
g 
Se} ° (4 
ee] 3 al< 
q » im 
English name e 8 3 ca 2 2 8 = 
No. nglish n Z - z£ Q ‘S Bs S 
=a | * EF a | ¢ 
gm gm gm. 
15 0-4 0 1-0 63 
Cod fish (fresh) (Gadus morrhua) ‘ 84 To 361. i si 
60 1:6 j 252 
Cod fish (dried) (Gadus morrhua) — . 21 is | 04 0 40 7 
16 1-5 82 
Cratso. : : ; : P 79 17 | 42 15 2:0 3 
38 | 13 | 10) | oem 
Cuttle fish (dried) . ‘ ; oo ee ee hod 84 
19 1-0 $l 
Fish (lean), average values : : a7 53 | 03 0 1-0 23. 
19 8-0 
Fish (fat), average values . : 71 33 | 20 0 1-0 a2 
42 4-0 0 5.0 204 
+Fish (salt and dried), average values | 35 reer BSE 1 58 
25 4-0 148 
: pa Tabs 3-0 ee. peat 
tFish, eggs. , : - ; 70 7 Td 2 
18 15 
Lobster or Crayfish . : mc ery hii (2:0) | 1-0 26 
12 1-7 6 
Mussels = , : : : 83 34 | 05 2-2 3-0 7 
8 1-2 53 
Oysters . ; - , : ; 87 72103 ase 1-8 5 
19 1-2 90 
Prawns . . . : : an TS Sal os Q) | 12\"Se 
21 | 10-0 170 
Salmon (tinned) . . ‘ : 67 See 0 1:0 48 
16 3-0 91 
Sardines (fresh) (bones eaten) . : 68 a5 | 08 0 3-0 35 
: 20 | 21-0 271 
Sardines (tinned) (bones eaten). : 54 Sha a 0 3-0 76 
é 22 93 
Sea slugs (Béche de mer) Holothurian 76 $2 = 1-4 — 56 
16 3-0 21 
Sprats (Clupea and other genera) | 68 45 | 08 0 3-0 35 
(bones eaten) 16 1-0 79 
Turtle . : : : ; ‘ 80 45 oa 1:5 1-0 oP 
19 | 10-0 166 
Turtle eggs ear ae 1-0 a7 
19 1-0 85 
White bait (fresh) . ; , : 716 53 | 03 0 3-0 oy 
45 2°5 202 
White bait (dried) . * , : 28 D107 0 1% FT 


* In these columns the upper figures are gm., mg., I.U. or ug. per 100 gm. and the lowe 
+ Fish may be slightly salted and dried or heavily salted and dried, the water conten 
+ Fish eggs and roes have high values in vitamin B complex except niacin. 
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Fish, Crustaceans, Molluscs, and Turtle 





rome, 
q |e 
S| 2 \ee/s 12/2] 4 
No. = = 8 2 a 3 8 Local name 
2 6 22 a = wz * 
5 x oa - * * 
* * 
mg. | mg. | mg. | IU pg. bg mg 























r OZ. ; 
ring from 10-55 per cent., and the amount of salt varies from 14 to 5 per cent. 
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TABLE LXXII 
oO 
E 
20 2 + ° 
Ow ° = a 
SS ae mec if S © 
gm. gm. gm. 
0:6 82 0:4 740 
Butter O1 3 01 210 
; : ; . : 37 
Butter-milk (skimmed) = a oo To 
; 90 
Cheese (see p. 297) . ae = =a sea 
Cream the ak ee ae 
; 2-0 10 0-4 104 
Curds (see p. 291) . a - = = 
Ghee VL a V.L =a5 
Milk (buffalo) sa be oe _ 
. 4-0 . 6:0 68 
Milk (camel) . a a 3 a6 
; 35 : . 
Milk (cow) | | a | Ce 
Milk (goat) at a3 ar 
Milk (human) =u i s 
Milk (mare) a me 
Milk (condensed) (sweetened) . 7 = 
Milk powder (whole) > 36 oe 
Milk powder (skimmed) . = sels 
Milk powder (“ Borden i) iz aes 
Milk powder (“* Dryco ”’) a a 
Milk powder (“* Horlicks ”’) az 
Milk powder (“ Klim”) . a ou 
Milk powder (‘‘ Lactogen ”’) = ails 





The upper figure in all columns is gm., mg., I.U. 
V.L. = Very little. : 3 


— = Data insufficient. 
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Milk and Milk Products 



































= S < * ra 
E S = a= > 2 
No ‘5 o = = = aS rer] 
_ ) g Rc g } os) 
i | =] = = 3 Os 
~) a as 7 Z < 
mg. mg. LU pg. pg mg. mg. 
; 16 16 3,000 , 10 0-1 ‘ 
4:5 4:5 850 0-2 0-0 
| 120 90 15 40 160 | Ol 1-0 
34 25 4-2 11 45 0-0 0-2 
3 870 610 2,000 40 520 0-2 
246 173 566 11 147 0-0 
4| 290 | 200 | 2,000 | 10 140 | Ot 0 
82 56 560 0-2 40 0-0 
5 | 120 90 2 40 160 | O4 0 
34 25 20 11 45 0-0 
3,000 10 
2 ‘ 850 ‘ 02 0 6 
eee ay 1208) 50 | too | oe | 
51 34 PRs 14 28 0-0 0:2 
g | 120 90 100 50 Joo | o2 | 10 
34 25 28 14 28 0-0 0-2 
9 118 93 160 45 170 0-1 1.0 
33. 26 45° 11 48 0-0 0-2 
10 140 180 100 50 100 0-2 10 
39 51 28 14 28 0-1 0-2 
i 30 20 60 30 80 0-1 1-0 
8-5 5-6 7 8-5 22 0-0 0:2 
P 90 60 i. a a ES te 
25 ‘GA 
13 275 228 430 50 400 0:2 5 
7a. “64 121 14 113 0-0 
1,000 850 1,400 300 1,150 0-7 50 
14 280 240 396 86 325 0-2 1-4 
1,200 950 60 400 1,600 1-0 6:0 
5 340 269 he 113 453 0-3 1-7 
16 | 750 500 _ - A i 
213 140 
17 — _ -_ = tt — me 
18 350 260 = = x = am 
100 63 
19 1,000 850 1,400 300 1,150 0-7, 50 
280 240 396 85 325 0-2 1-4 
900 750 1,200 250 1,000 0-6 40 
| 2334 213 339 70 280 a 11 


or wg. per 100 gm. and the lower figure per OZ. 


TABLE LXXIII 
Miscellaneous Foodstuffs 





oO 
os fe a 
ee lad sda Pike ae! (met = Bo! fats = | 
No #8/28/ 8 |2¢/8 |e )e/ 38 
oo |.co | * = O = 2 Z 
= a Aa [or 5 * = wz + 
*% — 
vg. | vg. | mg 
1 Algz (sea weeds) . 14 6:02) Tr. 70§ i — — — 
85 331 
2 Feculas (sago, 12 0:3 Tbe. 34 93 0 0 0:2 
tapioca, etc.) 99 89] 
3 ||Fish-liver oil . Sh bd We ibe 8 0 752 0 0 0 
79 316 
4 Honey . : meeeO Tr. 0 am | 30 Tr. | °00457,20-2 
93 374 
5 Jaggery . : : 6 0:4 Tr. 76 105 == — nor 


6 | Jam or marmalade. | 28 05 | O17 | 20 BL 20 30 0-2 




















99 891 

le eats : ol eel tT: abe 38 0 352 0 0 0 
85 765 

8 | ttMargarine . F 14 0 74 0 7 0 0 0 
60 240 

9 | ttMolasses (cane) .| 24 0 0 IT | TEx 50 160 3 

10 | §§Mushrooms . a eo! (2) Tr. | (O8§ | VL. [12057 S208 Sen 
’ 99 891 

11 | ||||Red palm oil . Seal re 0 ot 0 252 0 0 0 
95 380 

12 Sugar (brown) : 3 0 0 7 107 0 0 0 
; 99 396 

13 Sugar (white) . Palette 0 0 38 | Tio 0 0 0 
14 58 

14 Sugar (cane) . ; 82 0-4 4 Bie Ac 17 Tr rE Lt 
14 58 

15 Toddy (sweet) 85 ite hr re 17 0 0 0 
(palm sap) 1-5 | 35 
16 | §/{Toddy (fermented) . 98 Ott 0s5 04 | Io 
2°4 3 20 
17 |***Yeast (T. utilis) : 8 43 07 T =~ 











* Upper figure gm. per 100 gm., lower figure gm. per oz. 

+ pg. or mg. per 100 gm. 

{ Very little nitrogen available as protein. 

§ Very little available. 

|| Vitamin A value = 1,000 to 40,000 I.U. per gm., depending on species, age of fish 
and methods of preparation of the oil. 

J See p. 302. 

** Lard has no vitamin A value. 

+t Vitamins A and D are generally added to margarine. 

{{ Molasses are rich in iron derived from the boiling pans. 

§§ See p. 301. | 

\||| Red palm oil has from 40,000 to 80,000 I.U. per 100 gm. of vitamin A value in the 
form of carotene. Very few other vegetable oils have any value in vitamin A. 

{| The calorie value is mainly from alcohol. Vitamin B complex value depends on 
amount of yeast taken in the toddy (see p. 281). 

*¥* See p. 303. 

Tr. = trace. 


CHAPTER XXI 
INSECT PESTS OF CEREALS AND PULSES 


SEVERAL hundred species of insects have been recorded breeding in 
grain foods or the products of grain foods. A few of them are common, 
very destructive, and range widely throughout the tropics. Some are 
nearly cosmopolitan. 

They may be conveniently, though roughly, placed into three 
categories: 


(1) Weevils, which can breed only in grains and not in flours or 
meals. 

(2) Small brown flour beetles. 

(3) The larve of small moths (microlepidoptera). 


Weevils 


THE Rice WEEVIL (Sitophilus (Calandra) oryz@) (Fig. 50) is about 
3-5 mm. long. The rostrum is about two-thirds the length of the 
thorax. The anterior end of the thorax is slightly constricted and 
lobulated. It closely resembles its more widely studied relative 
S. granarius, of temperate climates, from which it can be distinguished 
by the shape of the thorax, a minute pit between the eyes at the base 
of the rostrum and well-developed wings. 

Life History. It will breed in any cereal grain. Each egg is laid 
in a hole bored in a grain, the opening is sealed with a gelatinous 
substance. It lays about five eggs a day. A single female may lay 
200 or more eggs. The larva hatches out in a few days, and as it feeds 
it tunnels through the grain and discharges a considerable amount of 
frass. When full grown the larva pupates within the grain. It develops 
most rapidly when the moisture in the grain is 12-14 per cent., and 
develops slowly when the moisture is only 8 per cent. Under favourable 
conditions of moisture and temperature the entire life history is about 
one month. It will be realized from this that in a heavily infested 
granary two or three generations of weevils can destroy an enormous 
amount of grain. This weevil ceases to breed at 88° F. 

Tue COMMON WEEVIL (Sitophilus (Calandra) granarius) is far less 
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Rice grain 
after infestation. 





Fie.51 8 Rhizobertha dominica. 
(Side view. ) 
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common in the tropics. It can breed in biscuits, macaroni and caked 
flours as well as any cereal grain. The wings are rudimentary and 
useless for flight. 

THE LESSER GRAIN WEEVIL (Rhizopertha dominica) (Fig. 51, A and B) 
is a small, very active brown beetle of about 4 mm. in length. The 
head is characteristically bent down and partly concealed by the 
thorax. The antenne are prominent with three enlarged terminal 
segments turned inwards. The thorax is dome-shaped with crenulate 
margins. The dorsum has many punctuations, those of the elytra 
being arranged in lines. Where a granary is infested large numbers 
may be seen flying about. 

Life History. The eggs, 0-6 mm. in length, are laid singly or in 
clusters among the grains. The number of eggs laid by each female 
is 300-550 at the rate of twenty a day. The incubation period ranges 
from five to thirty days, according to the temperature. The larva at 
first has difficulty in penetrating the grains and lives on frass until 
after the first moult; it then enters a grain and during growth moults 
three times and then pupates. The length of the life history ranges 
from twenty-four days to several months, depending on the tempera- 
ture. There may be five generations in a year in tropical climates. 
It can breed at higher temperatures, and withstand dry conditions 
better than the rice weevil. It has been found breeding in wheat, 
rice, barley, peas, beans and army biscuits. 

PEA WEEVILS. These belong to the family Bruchide and there are 
several hundred species of them. They are all short squat beetles with 
long antenne, usually serrated. When dead the head is usually bent 
against the under surface of the thorax. A marked characteristic is 
that the elytra do not extend to the end of the abdomen, so that the 
end segments are exposed. 

Bruchus pisorum, a common pea weevil, is shown in Fig. 52. Perhaps 
the commonest pea weevil in India is B. chinensis; it can be recognized 
by its long serrate antenne. It causes the destruction of large quan- 
tities of beans, peas, lentils and grams. 

Life History. The bruchids attack not only stored grains but also 
peas and beans growing in the fields. The eggs are laid on the pods 
or grain and on hatching the larva bores through the pod or directly 
into the grain. The full-grown larva makes an exit hole and lightly 
seals it, and then pupates. As many as six or seven of these insects 
may emerge from a single large pea seed, leaving nothing but a shell 
containing dusty frass. 
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Small Brown Beetles of Flour and Meals 


Beetles of many families can breed in flours and meals. The largest 
of them, where the adults are about half an inch in length, belong to 
the genus Tenebrio, the larve of which are called “ meal worms.” 
Large quantities of ‘‘ meal worms” are bred for feeding birds and 
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other insectivorous inhabitants of zoological gardens. They are, 
however, not a tropical pest. 

Small brown beetles of about 3-4 mm. long are common in cereal 
and leguminous foods in the tropics. And the commonest of these 
belong to the two genera Tribolium and Gnathocerus. 

TRIBOLIUM. These little beetles are about 4 mm. in length. The 
two common species are T. confusum and T. castaneum. The reddish- 
brown colour, the head expanded just anterior to the eyes, and the 
antennal club formed by the progressive expansion of the last three 
to five segments indicates the genus (Fig. 53). 

Life History. The eggs are laid in flour, pollards, etc.; they are 
sticky so that flour adheres to them and renders them difficult to find. 
The incubation period is about six days. The larva moults six times. 
It may be recognized by the two sharp processes of the ninth abdominal 
segment (Fig. 53). The larval period lasts from fourteen days onwards. 
The pupal period is short, four to six days. The life phase from egg 
to adult is four to nine weeks, the duration depending upon tempera- 
ture, moisture and the amount of vitamin and minerals in the meal. 

Tribolium multiplies very slowly or not at all in white flour because 
of the deficiency of vitamins, and T. confusum has been used to estimate 
roughly the amount of vitamins in flours. Fraenkel and Blewitt ! bred 
these insects on a synthetic diet plus the necessary vitamins in quan- 
tities of 50 wg. per gm. of dry food, the temperature and humidity 
being kept favourable for the development of the larve. Table LXXIV 
gives their results. 


TABLE LXXIV 
Period in days during which 
first ten pupe were formed 
Diet plus all vitamins. : 2 : : . 38-43 
,, Without p-amino-benzoic acid . é : . 36-42 
- xe choline chloride . ! : : . 38-43 
, thiamine . ; 3 . . . 40-57 
me S3 pantothenic acid ‘ : ; . 50-61 
* e riboflavin 
_ nicotinic aia all larve died. 
x 5 pyridoxine 
,, plus yeast extract . : ; : - . 28-30 


It will be seen from this that 7. confusum needs riboflavin, nicotinic 
acid and pyridoxine, and possibly to a less extent pantothenic acid. 

GNATHOCERUS. The insects of this genus are called the broad- 
horned flour beetles, because the males have characteristic mandibles 
which are nearly as long as the antenne and protrude forwards like 


1 Nature (1942), 150, 179. 
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horns from the head, these mandibles are curved inwards and are 
serrated on the inner margins. The beetles are 4-5 mm. in length. 

Life History. The eggs are laid singly and flour adheres to them. 
The larva emerges in about seven days and grows very slowly. It 
moults six times, always moulting on the surface of the flour, which 
may become covered with larval skins. It takes about six months 
to become full grown, when it measures about 10 mm. It resembles 
the larva of Tribolium, but can be distinguished from it because the 
ninth abdominal segment carries a single up-turned pointed process. 
The pupal stage lasts about six weeks. Gnathocerus is usually found 
in foodstuffs infested with other pests such as the larve of the moths 
Ephestia and the beetles Tribolium; apparently it is omnivorous and 
includes other larve and pupe in its diet. 

ORYZ PHILUS SURINAMENSIS is probably the most serious beetle pest 
of groceries and kitchen cupboards in the tropics. It measures 3-4 mm. 
in length. It has a flattened body, serrated thorax and long clubbed 
antenne (Fig. 54). The larva is somewhat hairy and the life phases 
are passed in three to five weeks. 

It can crawl through very small cracks to reach foodstuffs and can 
bore through cardboard packets. It is omnivorous and will attack 
biscuits, dried fruit, sweets and many other eatables, rendering them 
unsightly and unpleasant to taste. 

It is found in grain stores but is not a serious pest in large stores of 
cereals. 


The Larve of Moths 


There are many genera of small grey or fuscous moths whose larve 
may be pests of cereals or other foodstuffs. The larve of most of the 
moths can be easily recognized from the three pairs of small thoracic 
legs and four pairs of pseudopodia on the third to sixth abdominal 
segments. Four common species will be briefly considered. 

SITOTRAGA CEREALELLA. The paddy moth is straw coloured and 
the wing expanse varies from 11 to 15 mm. (Fig. 55, C and D). 

Life History. The eggs are laid on the cereal (rice, barley, maize, 
sorghum, etc.) whilst ripening in the field or stored in a granary. The 
eggs are deposited in batches. The incubation period is from four 
to ten days. The larva burrows into the grain. It spins a cocoon and 
pupates within the grain. The entire life phase is about one month. 


The larve produce a large amount of frass. The infected grains have 
an unpleasant smell and taste. 
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CORCYRA CEPHALONICA. The rice moth is a greyish moth measuring 
14-22 mm. in wing expanse (Fig. 55, A and B). 

Life History. The number of eggs laid by a female moth is about 
150; they may be deposited on one of a large number of stored food- 
stuffs, such as rice or other cereal, biscuits, ground nuts, cocoa, oil 
seeds, currants or other dried fruit. The larval stage lasts two to 
three weeks. The larve are dull white in colour with a dark brown 
head. A dead cocoon is spun either in the food or nearby. In sacks 
of rice they are found attached to the inside of the sacking with frass 
and rice grains adhering to them. The length of the life phases is 
from four to six weeks. 

EPHESTIA KUHNIELLA. A pale grey moth measuring 20-22 mm. 
across the expanded wings. 

Life History. The female moth lays from 100 to 700 eggs on any 
stored foodstuff ranging from cereals to dried fruits. The incubation 
period is from four to twelve days. The full-grown larva is larger 
than that of S. cerealella, and the legs and pseudopodia are better 
developed. The larve usually pupate away from the foodstuffs. Some 
quickly produce cocoons but the majority wander about the mill or 
store house spinning a silken thread. When present in large numbers 
the mass of silk produced may cover the walls, and even clog pipes 
and interfere with the working of machinery. The length of the life 
phases is from two to five months. 

PLopIA INTERPUNCTELLA. The Indian meal moth, also called the 
dried-fruit moth, is probably the commonest pest among the species of 
this genus. Although the larve of this moth are frequently found in 
flours and meals, the more serious ravages by them occur among 
dried fruits and sweets. They have caused great losses in the sultana, 
raisin and fig trades. It is a cosmopolitan species. 

The moth measures from 12 to 15 mm. across the expanded wing. 
The fore wings have dark brown and greyish mottling and the hind 
wings are light grey. The female lays 200-400 eggs and the length 
of the life phases from egg to adult is from about three months to 
seven or more months, according to the temperature. Infested fruit 
becomes an objectionable and sticky mass with much frass produced 
by the growing larve and web produced during pupation. 


The Control of Food Pests 


This is a very difficult matter and in many cases the procedure to 
be adopted must be in reference to the particular foodstuff being 


28 
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attacked and the species of pest attacking it. But only a few general 
principles can be considered here. 

All stores should be kept as dry as possible. Grains and flours 
should never be stored in a damp condition. Cleanliness is of great 
importance and floors and walls should be frequently swept clean 
of refuse and pupating insects. The stored foodstuffs should be 
inspected at short intervals so that attacks by pests may be discovered 
before much damage is done. Stocks of foodstuffs should be removed 
from stores in the same order in which they enter them; the old stocks 
should never be retained or allowed to accumulate behind new stocks. 

There are two methods of destroying insect pests: (a) by fumigants; 
(b) by heat. 

Fumigation. The most used fumigant against insects is D.D.T. 
(p-p-dichlordiphenyltrichlorethane); which is sold in solutions or 
powders. 

Hydrocyanic acid (HCN) is very effective and has the advantage that 
it can be used also against rats. But it is costly because the fumigating 
equipment is expensive, and those who use it must be well trained. 

Heat. Under many circumstances in the tropics heat is cheaper 
and more effective than fumigants in controlling insect pests. 

Calandra oryz@ ceases to breed at 31° C. (88° F.), and temperatures 
over 32° C. (90° F.) check the breeding of almost all common insect 
pests. Rhizopertha dominica is perhaps the most resistant and will 
slowly multiply at 34°C. There is, however, a factor of humidity, 
and in damp granaries breeding may take place at temperatures one 
or two degrees higher than those stated above. 

The heat in many well-founded granaries in the tropics during 
the warmer seasons is sufficiently high to check the breeding of pests 
and in some cases to destroy the adults. 

The following is an example of the heat within a granary stopping 
breeding and killing the adults. Seven thousand bags of wheat heavily 
infected with C. oryze and R. dominica were placed in a granary at 
sea-level. Within two days the temperature within the sacks had risen 
to blood heat, and the pests streamed away from the bags. The floors 
became covered with dead calandra and others streamed through 
the crevices around the doors and were swept up into heaps in the 
surrounding drains, where they were seeking moisture. Rhizopertha 
were more resistant and the mortality among them was far less. Samples 
of wheat were removed from the sacks after the fifth day and about 
10 per cent. of the grains were found infested, and portions of the 
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samples were placed under favourable conditions for the development 
of larve, but none hatched out. 

The heat within granaries in the tropics only requires to be raised 
a few degrees to control insect pests, and this is best done by a boiler 
and hot-water pipes around the walls. 

In some countries where the sun is seldom covered by clouds the 
temperature within granaries can be raised by glazing a third of the 
roof to form large skylights, and heat radiating on to the stores of 
flour or grain is soon conducted throughout the contents of the sacks. 
But there are disadvantages in this method; and where there are long 
wet seasons, during which pests flourish, it is useless. 
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APPENDIX I 


DETERMINATION OF VITAMIN A IN LIVERS BY THE 
ANTIMONY TRICHLORIDE METHOD * 


Five gm. of liver are weighed in a 50-ml. beaker and minced with scissors, 
10 ml. of 5 per cent. solution of KOH is added and the material is transferred 
to a 50-ml. conical flask. The mixture is digested in an oven at 100°C. 
until there is complete solution. It is poured into a 100-ml. graduated and 
stoppered funnel and 5 ml. of ethyl alcohol is added and well shaken, 50 ml. 
of ether is added and the shaking repeated. The layers are allowed to settle 
out and the aqueous layer is run off and discarded; 5 ml. of water is added 
and vigorously shaken with the other layer; the aqueous layer settles and 
is discarded; this washing to remove the KOH is completed by gentle 
agitation with 50 ml. of water (vigorous shaking produces an emulsion 
which will not readily settle into layers). The ether fraction is passed into 
a small flask containing anhydrous sodium sulphate and allowed to stand 
for a few minutes: this absorbs the water; the ether is filtered through a 
little more anhydrous sodium sulphate in a dried sintered glass funnel 
leading into a 100-ml. wide-neck squat flask. The content of the flask is 
evaporated on a water bath, and to prevent condensation of moisture the 
flask is fitted with a cork through which two tubes pass—one leads to two 
wash-bottles, the first contains sulphuric acid and the second caustic potash, 
the other leads to a suction pump, thus only dried air enters the flask. The 
residue after evaporation should be a clear and transparent oil; it is dissolved 
in 2 ml. of this solution into a 1-ml. Lovibund cell and the volume is made up 
to 0-5 ml. Two ml. of antimony trichloride in dry chloroform (Carr-Price 
reagent) is added from a B.D.H. automatic pipette; as the blue colour 
appears it is quickly matched in a Lovibund tintometer with blue and yellow 
glasses. Supposing the contents of the cell are matched by 5 Lovibund 
blue units (and the necessary yellow glasses). The calculation is made as 
follows: 
5 blue units x 2-5 (the volume of reaction mixture) x 2 (amount of chloroform) 
Amount giving 5 blue units x 5 (grams of liver) 
Supposing 0-2 ml. gave 5 blue units, then: 


Pe Nae : 
aS a 25 blue units per gm. of liver 








When a large number of blue units is present it is necessary to dissolve 
the evaporated residue in a greater quantity of chloroform, such as 5 or 
10 ml. 

The value in International Units can be determined in each case by checking 
against an oil of known value. 

A factor Which has been used to convert blue units into International 
Units is 4-2 (Bomskov, 1935). 

* Adopted from A. W. Davies (1933), Biochem. J., 27, 1770. 
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Hess Capillary Resistance Test 


Fix the armlet of a sphygmomanometer above the elbows as in taking 
blood pressure. Note any purpuric spots which may be present on the 
forearm and mark them with a grease pencil. Determine the systolic and 
diastolic pressure and maintain the pressure within the armlet at a point 
midway between systolic and diastolic for five minutes. Release the pressure 
and examine the forearm in a good light with a hand lens. Capillary 
resistance below normal is shown by the appearance of a number of fresh 
purpuric spots. 

The process may be repeated on the other arm. 


Capillary Fragility Test with Suction Pump 


A small glass cup fixed to a suction pump having a manometer and 
vacuum release screw (Fig. 56) is applied to the skin and the degree of 








Fic. 56. Suction pump for testing capillary fragility. 


capillary fragility determined by the amount of negative pressure which 
will produce ecchymosis. When carrying out the test the same body area 
should always be used, the size of the cup standardized, and the effect of 
the administration of ascorbic acid or citrin should be determined for those 
who show capillary fragility. 


APPENDIX Ill 
DETERMINATION OF VITAMIN C IN THE URINE 


ALL the urine passed during 24-36 hours should be examined, as the excretion 
of vitamin C does not take place at a uniform rate but is greatest about one 
hour after meals. The urine should be examined immediately after it has 
been passed; when this is impossible it may be preserved up to but not 
longer than ten hours by the addition of 10 per cent. by volume of glacial 
acetic acid, and keeping the acidified urine in a cold place. 

The reagent used is a freshly made solution of the dye 2-6 dichloropheno- 
lindophenol, which is reduced by ascorbic acid to a colourless compound. 

To 10 ml. of urine is added 10 ml. of water and 1 ml. of glacial acetic 
acid. A solution containing 0-004 gm. of dichlorophenolindophenol 
(2 tablets of 0-002 gm.) in 100 ml. of water is placed in a burette. The 
diluted urine is titrated until the purple colour of the dye ceases to disappear 
and remains pink for a few moments. The number of cubic millimetres 
of the solution run from the burette multiplied by 0-24 gives the quantity 
of vitamin C in mg. per 100 ml. of urine. The titration must be carried out 
rapidly because there may be other substances in the urine which reduce 
the dye but more slowly than ascorbic acid. 

The amount of ascorbic acid in the urine of well-fed persons is about 
1-55 mg. per 100 c.c. 

This method can also be used to determine the amount of ascorbic acid 
in the juices of foodstuffs. The “ indophenol”’ solution does not keep 
and must be standardized daily. 


APPENDIX IV 


DENTITION TABLE 


Deciduous (milk) teeth Permanent teeth 

Central incisors, lower . 68th month First molars 6th year 
yt ae upper . 79th ,, Central incisors ‘ - 67th , 
Lateral incisors, upper - 9-10th ,, Lateral incisors ; . 8th . 
a + lower - 10-13th ,. Lower canines . : . 10th 
First molars. : - 12-14th ,, First premolar : - 10th . 
cenines : : : - 17-20th ,, Upper canines . : <1 a 

econd molars . : - 2nd to 3rd year Second premolar : yng han 

Full dentition 10 teeth in each jaw. Second molars : i4th |. 


Full dentition 16 teeth in each jaw. 
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APPENDIX V 


DETERMINATION OF PROTHROMBIN IN BLOOD 
(PROTHROMBIN TIME) 


Apparatus Required 


(1) Serum syringe for obtaining blood from the patient. 
(2) Centrifuge with dry tubes. 
(3) A rack with six small dry tubes. 
(4) A water bath maintained at 37° C. 
(5) Capillary pipettes and tests. 
(6) Stop watch. 
Solutions Required 


(1) Sodium oxalate solution—1-34 gm. pure anhydrous sodium oxalate 
in 100 ml. distilled water. 

(2) Calcium chloride—1-11 gm. CaCl, in 100 ml. distilled water. This 
must be checked by titration with silver nitrate solution. 


CaCl, + 2AgNO; = Ca(NOs)2 + 2AgCl 
111°. 2(170) 

(3) Thromboplastin solution. Either of the following solutions may 

be used: 

(a) Cut up a rabbit’s brain and press the pieces through fine wire 
gauze to remove the blood vessels. Stir the broken-up brain into 
acetone, pour off the acetone, and repeat this several times to 
produce a dry granular powder. This keeps well in cold storage. 

To prepare the solution, stir 0-3 gm. of the dry powdered brain 
into 5 ml. of normal saline containing 0-1 ml. of sodium oxalate 
solution, place the tube in a beaker of water at 45° C. for 10 minutes, 
centrifuge at a low speed for 5 minutes. Pipette off the milky 
supernatant fluid, this is the thromboplastin solution, and under 
4 film of toluene will keep for about 3 weeks in an ice chest. 

(b) A 1 in 20,000 solution of Russell’s viper venom. The dried 
venom keeps indefinitely in cold storage, and under toluene the 
solution keeps for about one month. 

TECHNIQUE. Quick’s Method Slightly Modified. 4-5 ml. of blood drawn 
from the patient into a dry syringe is passed into a centrifuge tube containing 
0-5 ml. of sodium oxalate solution. Centrifuge to separate the plasma, 
which is pipetted off into a dry sterilized tube. 0-2 ml. of plasma is placed 
into each of three tubes marked 1, 2 and 3. Place in each of three dry test- 
tubes 0:2 ml. of thromboplastin solution and 0-2 ml. of calcium chloride 
solution. Place one tube containing plasma and one tube containing 
thromboplastin and calcium solutions in the water bath at 37° C. and when 
warm mix the contents, start the stop-watch, shake the tube and watch for 
clot to appear, and note the time of appearance. Repeat with the other two 
tubes. The prothrombin time is the mean of the three times. Normal is 
from 15 to 25 seconds. 
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APPENDIX VI 
BROMSULPHALEIN TEST OF HEPATIC FUNCTION 


WHEN 5 mg. of bromsulphalein dye per kilogram of body weight is injectec 
intravenously the dye disappears in 45 minutes from the blood of those 
with normal liver function. The percentage retention of the dye 45 minutes 
after injection indicates the degree of loss of hepatic function in patients 
with liver damage. The percentage of dye remaining in the blood is deter- 
mined by comparison with standard solutions of the dye. 


TECHNIQUE: 


(1) A 5 per cent. solution is prepared; the patient is weighed; and the 
weight in pounds divided by 22 gives the amount of the solution in 
millilitres to be injected intravenously so that there will be 5 mg. of 
the dye per kilogram body weight. In the case of infants it is better 
to use a solution of 1:25 per cent. and divide the weight in pounds and 
inject the dye slowly into the sagittal sinus. 

(2) Forty-five minutes after injection 5 ml. of blood is withdrawn from a 
vein into a dry syringe and transferred to a dry test-tube. After the 
blood has clotted the serum is separated and centrifuged. The serum 
is divided into two small tubes; to one tube two drops of 10 per cent. 
NaOH is added to bring out the colour, to the other tube one drop of 
5 per cent. HCl is added to clear any hemolysis. 

(3) A solution of 4 mg. bromsulphalein and 0-25 ml. of 10 per cent. 
NaOH made to 100 ml. with distilled water represents 100 per cent. 
standard. Nine other standard solutions ranging from 10 to 90 per 
cent. are prepared by diluting the above solution with the NaOH water. 
(These standards sealed in tubes will not fade for several months if 
kept in the dark.) 

(4) When matching the colour of the serum in a comparator box, the 


tube containing the acidified serum is placed in front of the standard 
tube. 
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APPENDIX vil 2 


DEFINITION OF TERMS USED IN REFERENCE TO RICE 


Padd Terms Definition 

a se 

Rough ey. Rice in the husk after threshing. 
Stalk paddy. . Unthreshed rice in the husk, har- 


vested with part of the stalk. 
Rice from which the husk only 
has been removed; it still retains 
the bran layers and most of the 
germs. 


Husked rice 
Loonzein 


Milled rice . . Rice from which the husk, germs 

and bran layers have been sub- 

stantially removed by power 
machinery. 

Rice from which the husk, germs, 

and bran layers have been par- 

tially removed by power ma- 
chinery. 

Hand-pounded rice Rice from which the husk, germs, 
and bran layers have been par- 
tially removed without use of 
power machinery. 

. Rice milled to a high degree and 
then coated with a foreign sub- 
stance such as glucose or talcum. 


Undermilled rice . 


Coated rice . 


Husked, milled or home-pounded 

rice which does not contain any 

broken grains smaller than three- 
quarters of the whole kernel. 

. Husked, milled or home-pounded 
rice, consisting of broken grains, 
smaller than three-quarters of the 
whole kernel. 

. Very small broken rice. 


Whole-grain rice . 


Broken rice . 


Brewers’ rice 


Husks . By-product from the milling of 
rice, consisting of the outermost 
covering of the rice kernels. 

Bran . A by-product from the milling of 


rice, consisting of the outer bran 
layers of the kernel with part of 
the germ. pit 

. By-product from_the milling of 
rice, consisting of the inner bran 
layers of the kernel with part of 
the germ and a small percentage 
of the starchy interior. 


Rice polishings 


Comments 


Commonly referred to as “ brown 
rice’’ even though there are 
varieties having red or white bran 
coats. In some regions called 
** hulled rice”’ or “ cargo rice.” 
Rice can be milled to various 
degrees. If milled to a high 
degree it is generally called 
** white rice.” 

Called ‘‘ unpolished rice” in the 
United States. 


Also called ‘‘ home-pounded 
TiCess 
Called ‘‘ polished rice” in 


Europe. In the United States the 
term ‘polished rice” is used, 
however, for rice which has been 
milled to a high degree and 
which has gone through the 
brush. In Japan the same term 
is used for highly milled rice 
treated with polishing powders. 
The term ‘“ polished” therefore 
causes much confusion. 

The term ‘“‘ whole rice ’”’ is some- 
times used for husked rice but 
also for whole-grain rice, and 
therefore causes confusion. 
Various classifications of broken 
rice are in use by the trade. 


Generally used for industria 
purposes. 


Also called “‘ hulls ” or “* chaff.” 


Also called “‘ rice meal ”’ or “ rice 
flour” in some regions. At the 
present time there is no appro- 
priate term. 


1 Report of Rice Meeting. F.A.O. (United Nations). Baguio. 1948. 
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Terms Definition Comments 


Parboiled paddy . Paddy which has been specially 
processed by steaming, or soaking 
in water, heating (usually by 
steam), and drying. 


Note: Parboiled paddy can be milled to various degrees or home-pounded in the same 
way as ordinary paddy and will then be called ‘‘ parboiled milled, parboiled home- 


pounded ” rice, etc. ; ; ; 2. } 
The term “ raw rice ’”’ is sometimes used in India to indicate that rice has not been given 


any heating treatment, such as parboiling. ‘ ; 

Glutinous rice is a special botanical variety of rice which, after cooking, has a peculiar 
stickiness regardless of how it is cooked. It can be milled to various degrees or home- 
pounded in the same way as ordinary rice and will then be called “ glutinous milled, 
** glutinous home-pounded ”’ rice, etc. 


APPENDIX VIII 
A LIQUID EXTRACT OF YEAST FOR MEDICINAL PURPOSES 


ONE Ib. of brewers’ yeast is thoroughly stirred into 500 c.c. of rectified spirit. 
After six hours the spirit is separated by centrifuging for half an hour. The 
deposited yeast is emulsified with 250 c.c. of fresh spirit and left overnight; 
it is again centrifuged and the two lots of spirit extracts mixed. The deposit 
is emulsified with 500 c.c. of water, allowed to stand for a few hours and 
centrifuged, the supernatant fluid is removed, and the deposit is again 
emulsified with water (250 c.c.), and centrifuged, and the two water extracts 
mixed. The alcoholic extract is evaporated at low pressure at 70-75° C. to 
a quarter of its volume. The residue is added to the water extract. Glycerine, 
benzoic acid and ol. anisi are added as preservatives in the following pro- 
portions: 


Extracts of yeast . : - 800 c.c. 
Glycerine . . , mee 40.6.6: 
Benzoic acid : ‘ : 2 gm. 
Ol. anisi. . ‘ ‘ Coc 


The dose ranges from one teaspoonful three times a day for very young 
children. 


This preparation keeps for several weeks at room temperature. 


APPENDIX IX 
ATWATER’S BOMB CALORIMETER 


TuIs consists of an outer chamber of insulating material (A) (Fig. 57) 
within which is supported a vessel (B) to hold water. The innermost chamber 
is a heavy steel bomb (C) with a gold-plated copper lining and having a lid 
which can be hermetically sealed by means of a screw collar (D); a small 
crucible (E) with an electric fuse attached is suspended within the bomb; 
two electric terminals (F) are attached for firing the fuse. There is a tube 
in the lid of the bomb through which oxygen can be passed, and held under 





Fic. 57. Atwater’s Bomb Calorimeter. 


pressure. A thermometer (G) registering to one-thousandth of a degree 
is suspended in vessel (B). . 

When the caloric value of a sample of foodstuff is to be determined, the 
bomb is removed from the apparatus and a weighed quantity of a dried 
sample is placed in the crucible, the lid is screwed on and oxygen to a pres- 
sure of at least 20 atmospheres is passed in and the tube sealed. The bomb 
is immersed in a weighed quantity of water and the temperature is noted. 
The sample is ignited through the electric fuse and the oxygen under pressure 
causes complete combustion. The heat liberated raises the temperature of 
the water, and this is read to a thousandth of a degree. There are many 
details to be observed and corrections for various heat effects to be made 


when using this apparatus. 
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APPENDIX X 


THE WEIGHT OF THE KERNEL IN COCONUTS OF VARIOUS 
SIZES 


Tue following are details of fresh, clean, husked coconuts as bought ir 
the market: 











Weight of nut Circumference of nut Weight of kernel 
OZ. gm. in. cm. OZ. gm. 
24 680 124 32-0 104 292 
25 709 124 32-0 101 987 
26 737 134 34°5 104 297 
26 1H 133 35:0 114 326 
30 850 14 35:5 123 348 
30 850 14 5525 13 369 
31 879 14 35°5 13 369 
36 1,020 15 38-0 16 454 
36 1,020 16 40:5 17 482 
45 1,276 16 40:5 184 516 
47 $1558 9 16 40-5 173 496 
48 1,360 ily 43-0 19 538 





It will be seen from the above that the value of coconuts varies greatly. 
It may be accepted for practical purposes that an average coconut of 30 oz. 
contains 12 oz. of edible kernel. 


APPENDIX XI 
THE WEIGHT OF MEASURED GRAIN 


GRAINS are frequently measured in preference to weighing them. The 
measures used are: 1 quart (often called a Measure) = 2 pints, 8 quarts = 
1 peck, and 4 pecks (32 quarts) = 1 bushel. The measure is filled with the 
grain and levelled by passing a rod across it to remove any grain heaped 
up above the level of the walls of the measure. This is called a “ Cut 
Measure,” to distinguish it from the indefinite heaped-up measure. 

The following are roughly the weights in oz. of quarts (cut measures) of 
various grains, etc.: 


oz. per quart 
Beans (horse) (Canavalia ensiformis) 24 


Beans (flat) (Dolichos lablab) : = 229 
Beans (lima) (P. Junatus)  . : SAAS 
Coriander in husk . : ; 5 IE! 
Dhal : : : ; : 5 ail 
Gram (small) . : : : wise 
Maize . ; 4 ; : . 294 
Millet (Setacia italica) : p 5 Bul 
Mustard seed . : i . 5 OSS 
Rice : : : : : J WP? 
Wheat . 2 : é : 4, Bil 
(Salt : F ; : : ee) 


A measure of grain in the husk is far lighter than a measure of husked 
grain. For instance, a quart of paddy weighs 24 oz. and the husked and 
pounded or milled rice from it weighs only about 16 oz. Therefore about 
two measures of paddy are about equivalent to one measure of rice. 

A measure of flour is much lighter than a measure of grain, but flours 
cannot be satisfactorily measured. 


APPENDIX XII 
SCHEDULE OF DIETS FOR THE HOSPITALS OF MALAYA 
Diet No. 1—Chinese Full 


Rice . : F ; . 12 0z. Onions : : : . $02 
Bread ; ; : . 40z. Garlic ; : : . $02 
Becta: : : : . 40z. Coconut oil 4 1a 
or Red palm oil 1 . 
Pork : : : . 40z. Marrow bones for soup me ele: 
or Sugar. : ; : - 1 oe 
Duck’s eggs : : Nags Salta , < : . $0Z 
Fresh fish . : : ea O25 Lee ae - : . $02 
or 
Dried fish . : : A Paw ye 
Vegetable leaf. : Shep yoy = 
Other vegetables . : Aa itey 
Diet No. 2—Indian Full 
Rice : : - . 12 0z. Coconut kernel . : . ote 
Bread ; ; ; . 40z. Coconut oil 4 1 
Dhall or gram. ‘ . loz. Red palm oil ‘ ae 
Mutton. : ; . 40z. Marrow bones for soup : ioe 
or Sugar. ; ; é . ihoz 
Duck’s eggs : ; ee Salt. : : ; . $0Z 
Fresh fish . : . 40z. Curry stuffs ; . one portior 
or 
Dried fish . ; ; op Raye 
Vegetable leaf. : SS awe s 
Other vegetables . : Ss Oz: 

Curry stuffs one portion to consist of: 
Garlic ; ; . 1 drachm Cumin seeds ‘ .  4drachr 
Dried chillies . . ldrachm Tamarind . ‘ . 1 drachr 
Pepper : ; . $drachm Onions : : . 3 drachr 
Tumeric . , . ¢drachm Cardamom . $drachm 
Coriander . : . 2drachm 


Diet No. 3—Malay Diet 
Same as No. 2 except beef in place of mutton. 
Diet No. 4—Vegetarian Diet 


Same as No. 2 except that it contains no meat, fish or eggs, but 2 pint: 
of milk are included. 


Diet No. 5—Light Diet 


The same as diets 1 to 3 except that rice is reduced to 8 0Z., eggs are given 
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in place of dried fish or meat (fresh fish is allowed), the vegetables will be 
in the form of puree, and half a pint of milk is included. 


Diet No. 6—Soft Diet 


Rice . : ‘ . 4 OZ: 
Bread : : . Sq y A 
Eggs : : : . 4 
Fresh fish . : : O02; 
or 

Shredded meat . ; 0 O02; 
Diet No. 7—Milk Diet 

Milk . “ : : a altlpeye 
Sugar. : ; ; ee 2, 
Tea . ; : : . $02. 


Milk . ; F 

Vegetable in the form of 
puree : . 

Sugar. 

Tea 

Salt 


a Gz. 


4 oz. 
eva 
4 OZ. 
4 OZ. 


Extras allowed: Milk, albumen water, eggs, beef or mutton broth, liver 
soup, vegetable soup, cereal gruels, bread, sago, tapioca flour, fruit as in 
season, ice cream, jelly, dried milk powder, marmite, vitaminized margarine, 


salt. 


Diet No. 8—Diabetic Diet (“50 grams of carbohydrate ’’) 


Bread : : : Big taye 
Milk . ; : : 2 10.02. 
Duck’s eggs : : . 4 

Fish . : , : OL. 


Vegetable leaf 

Vegetable fruits . 
Margarine vitaminized . 
or 

Coconut and red palm oil 


Diet No. 9—Diabetic Diet (‘‘ 200 grams of carbohydrate ’’) 


mice’ . : : : a OZ, 
Bread } ; : pS OZ. 
Milk . : é ; P1U-Oz 
Duck’s eggs : : = 

Fish . : : : eae OF: 
Diet No. 10—High Protein Diet 

Rice . : : , 8 OZ. 
Bread ; A : . 402. 
Pulses : ; 2 ce A ee 
Eggs . ; ; ; ee 

Fish . : : : . 602. 
Beef . F é p . 602. 


Vegetable leaf 

Vegetable fruits . 
Margarine vitaminized . 
or 

Coconut and red palm oil 


Milk : 

Bananas or other ‘fruit ; 
Coconut oil 

Onions 

Garlic 


Diet No. 11—Children 6 to 10 Years of Age 
% (two-thirds) any adult diet plus 10 oz. milk plus 2 bananas. 


Diet No. 12—Children 3 to 5 Years of Age 
} (half) any adult diet plus 10 oz. milk plus 2 bananas. 


3 OZ. 
320Z; 
2 O07. 


2i0z, 
5502s 
3 Oz. 


DOL 


2 OZ; 


- 20-az; 


3 oz. 
4 OZ. 
4 OZ. 
1 

4 OZ. 
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Diet No. 13—Children 1 to 2 Years of Age 


Milk . ’ ; ; . 200z. Potatoes . ; , : whom 
Rice . . : : . 20z. Vegetables . : ; aoe 
or Sugar. : . $ OZ. 
Bread , 4 : . 30z. Vitaminized aeterticy » £OZ 
Fee . “ : . List | Bananas. : : ; 2 

or 

Meat or fish : : : : OZ. 

*Ikan bilis . : ‘ + oz. 


* whitebait (very small fish). 
Diet No. 14 (A, B and C)—Fat Free and Low Residue Diet for Children 


14A 14B 14C 
Agelto2 Age3to5 Age 6 to 1( 
Skimmed milk powder : : ee SOEs 4 oz. y On. 
White rice for saith : , ; sa bays 2iOZ. 3:02, 
Bread : , : ; ; Se PETA, SiOz 4 oz. 
White Fish . . : ; . LOZ. 1 oz. 2 OZ 
Potatoes. 1 oz. Oz, 2:O0Zs 
Vegetables to be boiled and thoroughly 1 oz. Loz 2 OZ: 
strained. 

Juice strained from fruits or tomato : : OZ. BTOZ 3 oz. 
Sugar . : , + OZ. Loz Ligz 


Diets te Pavite Patients 

The diets of persons of the well-to-do classes contain not only the staple 
and substantial articles of diet such as bread, meat, milk, eggs, etc., but alsc 
a large number of other comestibles which are used daily or occasionally: 
some of these are for flavouring and seasoning and others are luxuries 
needed if the patients (paying) are to receive diets to which they are accus: 
tomed in their homes. It is not practicable to prescribe diets containing 
all these. Therefore the foodstuffs will be detailed in two categories: 

(1) Prescriptions of diets giving the foods which will be used daily. 

(2) Details of the extras which may be prescribed for special diets or wil 

be kept in the kitchen and ward stores. 


Diet A—Ordinary Daily Diet for 1st Class Patients 


Bread : . : OZ. a Mialke A : : . 10 oz 
Breakfast cereal . : . loz. Butter F . 2a 
Bacon : ; : . Loz. Jam or marmalade : . ex 
Eggs . ; ‘ ; ah Cooking fat 3 ; . lez 
Meat . ; 4 . 40z. Sugar. : , : . 2e8 
or Bananas. ' : . aa 
Half a chicken twice weekly Other fruit . ; . 402 
Soup meat . . hee) OZ seer) Cee 2 ‘ : . $02 
Fish . ; : ‘ i “602: : 
Potatoes. , ; mie OF: 

Vevetables 8 oz. 


(Sweets end puddings will be made from the extras.) 
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Extras for Daily Supply as Required or for Kitchen and Ward Stores 
Milk, albumen water, eggs, beef or mutton for broth, liver for soup, 
cornflour, tapioca, ice cream, jellies, dried milk powder, dried skimmed 
milk powder, marmite, mustard, pepper, vinegar, flour, dried fruits, canned 
fruits, custard powder, Horlicks malted milk powder, Ovaltine, Bovril or 
Lemco, lard, gelatine, biscuits, cocoa, chocolate powder, coffee, sauce, olive 
oil, sago, pearl barley, rice, baking powder, pickles, cheese, onions, sardines. 


Diet B—Light Diet 


Bread : : : . 40z. Vegetables . : ; 2 4.02: 
Cereal : : : . loz. Jam or marmalade ; Sg Alieys 
Eggs . ‘ ; 2 Sugar. ; : : Ras 8) 
Chicken (small) . : i Butter : : . Par atOZz. 
or Bananas. : : FS 
Eggs . , : : See Other fruit . : : 2) G:07Z. 
Fish . : : E > 4:07." 1¢8 .. ; : ; . $02. 
Milk . ; : ; . 10 0z. Potatoes. é , . 402. 
Soup meat . , : ey 1 OZ. 

Diet C—Soft Diet 

Bread : : : PO O77 2 OULAT, ; : : see OL: 
Fresh fish . : : we 0:02.) =Butter : : ; aA yA 
or Vegetables in the form of 
Shredded meat . : oe 0 OZ. purée. : : . 402. 
Eggs . : . : wr Fruit . : ; : zs 
Milk . : : ; eo7. Lea]. ; 1 OZ; 


(Sweets and puddings will be made from the extras.) 
Milk and other ‘“‘ low” diets will be prescribed from the extras. 


Diets for 2nd Class Patients 
The ordinary diet will be the same as Diet A for the Ist Class patients 
except that chicken is omitted and fewer luxuries prepared from the kitchen 
and ward stores will be given. 
The light and soft diets will be the same as for 1st Class patients. 


Diet No. 15—Nurses’ Diet 


Rice . Z y . .120z. Milk. ; : % . 10 oz. 
Bread : ; ; . 60z. Butterorjam . : pel 207; 
Meat . : : ; . 40z. Sugar. ; : : Ne DZ 
Fish . . : . _ 4oz. Cooking fat or oil : yo ley ® 
or Bananas or other fruit . . 402, 
Dried fish . : : Rr ay homed ke er ; ; + OZ. 
Egg . : : : LG | Chinese sauce, salt, etc. 

Bean cake or bean curd pears 

Sweet potatoes . , ao Ogs 

or 

Yams. ; ; , . 402. 

Vegetables ; ; 78 02, 


T.N.D. 
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SCHEDULE OF DIETS FOR CEYLON HOSPITALS 


Diet No. 1 

Diet not prescribed, or “‘ No ”’ diet. Comestibles allowed: Eg; 
milk, chicken broth, beef bro’ 
mutton broth, vegetable sou] 
dried milk powder, lim 
oranges, pineapples, marmi 
arrowroot, sago, cornflor 
cereal gruel, sugar, jelly, papa 
bananas and coriander. 


Explanation. Diet No. 1 is for acutely ill patients, and as their nee 
vary greatly the diet must be prescribed from the comestibles allowed. 


Diet No. 2—Milk Diet A 

Milk 30 oz., barley } 0z., sugar 2 oz., Extras allowed: Milk, alb 

tea 4 oz. men water, eggs, beef brot 
liver soup, vegetable sour 
cereal gruels, bread, sag 
arrowroot, limes, oranges, sa 
marmite. 


Explanation. Diet No. 2 is the standard milk diet and is more convenie: 
to prescribe than No. | for patients with high fever or other acute condition 
To prevent waste only 30 oz. milk are prescribed; more may be given fro: 
the extras. 


Diet No. 3—Milk Diet B 
Milk 40 oz., bread 8 oz., eggs 2,.butter Extras allowed: Bread. 


+ 0z., bananas 4, limes 2, sugar 2 oz., 
tea 4 oz., salt. 


Explanation. This milk diet is not for patients acutely ill and no extr: 
are allowed. It is satisfactory for many cases “ under observation” ¢ 
undergoing tests for which ordinary full diet is not indicated. It is a 
expensive diet and must be prescribed with discretion. 


Diet No. 4—“* Semi-solid Diet ” 


Fish 6 0z., eggs 4, bread 8 oz., milk 30 oz., Extras allowed: None. 
bananas 4, sugar 2 oz., lime }, cereal (rice) 
for gruel 2 oz., tea 4 0Z., Salt. 


Explanation. This is a diet for early convalescence. 
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Diet No. 5—“ Half-solid Diet ” 


Cereal (rice) 8 0z., bread 5 0z., fish 3 oz. Extras allowed: Liver, mar- 
(or beef 3 oz. or eggs 2), pulses (dhal) 1 0z., mite and fruits. 

vegetable leaves 1 0z., vegetables 2 0z., 

milk 20 oz., bananas 2, sugar 2 oz., 

tea 4 oz. salt (condiments ? oz.) (see 

D. 272). 


Explanation. Diet No. 5 is half the ordinary full diet No. 6 and half 
the milk diet No. 3, so that a patient recovering appetite may have a solid 
meal at midday and milk diet in the evening. 


Diet No. 6—Ordinary Full Diet 


Cereals (rice) 12 oz., bread 4 oz., pulses Extras allowed: Rice, liver and 
2 oz., fish 6 oz. (or beef 6 oz., or dried fish marmite. 

4 oz., or eggs 4), soup bones 1 02z., vege- 

table leaves 2 oz., vegetables 4 0z., vege- 

table oil 1 oz., lime 4, coconut kernel 4 oz. 

(for preparing coconut milk for curries), 

sugar 1 oz., tea } oz., milk 3 02z., condi- 

ments 14 oz. (see p. 272), salt. 


Explanation. This is the ordinary full diet. Rice is allowed as an extra 
because 12 oz. may not be sufficient for a large hearty man. (But in practice 
12 oz. of rice properly distributed among the patients each to his or her 
needs, has been found ample in Ceylon.) 

In many countries the cereals (rice, maize, etc.) can be partly replaced 
by the use of roots (yams, sweet potatoes, etc.) in the proportion of 4 of 
roots for 1 of dry grain, or 3 of roots for 1 of bread. The coconut in the 
above prescription adds considerably to the caloric value, and as used in 
the form of “ milk” 1 oz. of coconut has a value of about 100 calories. 
In many countries coconut and condiments will not be needed in the amounts 


given above. 


Diet No. 7—‘ T.B.” Diet 


Cereal (rice) 12 0z., bread 4 oz., fish 6 0z., | Extras allowed: Rice, liver and 
beef 6 0z., eggs 2, soup bones 2 0z., milk marmite. 

30 oz., butter 14 0z., vegetables 8 02., 

bananas 2, lime 4, vegetable oil } 0Z., 

coconut 4 oz., sugar 2 0Z., tea 4 0Z., 

currystuffs 14 0z., salt. 


Explanation. This diet is allowed only for patients who have been certified 
to be suffering from tuberculosis and can consume this diet. To prevent 
abuse in the use of this very expensive diet, it has been customary to forward 
a weekly report to the accountants of the number of patients on 


this diet. 
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Diet No. 8—Diabetic Diet 


Cereal (rice) 6 0z., vegetables 6 0z., coco- Extras allowed: Milk, butter 
nut 4 oz., vegetable oil + 0z., tea 4 oz., jam, ghee, pulses, vegetables 


condiments 4 oz., salt, lime }. eggs, fish, beef, liver, marmite 
papaw, bananas, bread anc 
rice. 


Explanation. This is a low basal diet, to be gradually increased by the 
addition of extras. 


Diet No. 9—High Protein Diet 


Cereal (rice) 8 oz., bread 2 oz., pulses Extras allowed: Sugar, liver. 
3 oz., eggs 2, fish 12 oz. (or beef 12 oz. or _ bread, vegetables, rice. 

eggs 2), milk 20 oz., vegetables 6 oz., 

bananas 2, coconut oil + 0z., coconut 

4 oz., lime 4, tea 4 oz., condiments 14 oz. 


Diet No. 10—New Admission Diet 


Milk 30 oz., sugar 2 oz., bread 8 oz., Extras allowed: Limes and 
tea 4 oz. barley. 


Explanation. This diet is for patients on admission, pending further 
examination and prescription of the diet by the medical officers. 


APPENDIX XIV 
{NSTRUCTIONS FOR DIETARY INQUIRERS 


THE following instructions were issued to school inspectors carrying out a 
preliminary inquiry among the school children of Ceylon: 

When conducting an inquiry in a school each child should be questioned 
separately, and his or her replies should not be overheard by other children; 
this will avoid the results of suggestion. 

It is not necessary to question more than 100 children in each school; 
and only those between the ages of eight and twelve should be questioned. 

Great care should be taken to obtain all details. 

The following points should be noted when filling in the Diet Inquiry Form. 

Type of School. Vernacular or English, paying or non-paying. 


Morning Meal: 


(1) Time of day when taken. 
(2) Kind of food. 

(a) If hoppers, state whether white hoppers, string hoppers, jaggery 
hoppers, pittu or roti. How many? Were these eaten alone or with 
jaggery, scraped coconut or sambol? What kind of sambol? 

(b) If rice, state whether (1) hand pounded; (2) parboiled; (3) milled, 
muttusamba, milchard, etc. If maize, state preparation. 

(c) If millet, in which form, pittu, roti or thalapa. 

(d) If fruit, give the name: jak, paimyra, bread fruit, etc. How was 


it eaten, e.g., alone or with sambol or scraped coconut? Was it raw 
or cooked? 


(e) If yam, state the kind. 
(/) If gruel alone—how was it prepared? 
(g) Was bread eaten—how much? 


Midday Meal: 


(1) Time of day when taken. 
(2) Kind of food. 

(a) Rice—state kind as above. 

(b) Any other foods as above. 

(c) Vegetables. The vernacular name of the kind taken should be 
stated. In the case of vegetables in which more than one part of 
the vegetable is edible (for instance, the leaves and roots of radish 
are both edible) the part taken should be stated. 

(d) Dhalls, grams and peas—state kind, whether red or yellow dhall, 
black or green gram, etc. 

(e) Fish—state kind, such as sprats or variety of larger fish. State 
whether fresh, salted or dried—shell fish—prawns, crabs, etc. 

(f) Meat—state kind—beef, goat, etc. 

453 


454 TROPICAL NUTRITION AND DIETETICS 


(zg) Coconut—state whether taken grated, or milk as prepared for curry 

(h) Oils—state if any oil, such as coconut or gingelly, was used fo: 
cooking. 

(i) Ghee—was ghee used in cooking the food? 

(j) Fruits—state if possible the kind of banana or plantain or othe 
fruits. 


(k) Was sambol taken? What kind? Any kind of gravy or such. 
Evening Meal: 
Points as for midday and morning meals. Was butter or jam taken a 
any meal? 


Extras: 


Mention any extras—rice cakes, peas, fruit, toddy, etc——taken betweer 
meals during the last twenty-four hours. 


Betel: 
Does the child ever chew betel? 


DIET INQUIRY FORM 
To be filled in for each child 


TYPE OF SCHOOL: DATE: 
NAME OF SCHOOL: PROVINCE: 
AGE: RACE: PARENT’S OCCUPATION: 


Morning meal of to- | Midday meal of yester- | Evening meal of yester- 
day. Time when taken: | day. Time: day. Time: 








Extras during last 24 
hours: 





APPENDIX XV 


AVERAGE HEIGHTS AND WEIGHTS OF FAIRLY WELL-GROWN 
BOYS AND GIRLS 


; Boys Girls 
Height Weight Height Weight 
Age cm. in. kg. lb. cm. in kg. lb. 
1 day 50 20 3-2 7 50 20 3-2 7 
2 weeks 51 204 °F 8 51 204 3°7 8 
1 month 53 21 4-4 94 53 ZA 4-4 93 
3months 57 23 5-6 124 57 23 5:6 124 
ye 60 24 6:4 14 60 24 6°4 14 
Saae,; 65 26 TS 163 64 254 7:4 16} 
PA 70 28 9-0 20 70 28 9-0 20 
2 years 80 32 1135 254 80 32 11-5 254 
fe 88 a5 ‘5 30 88 a6 13-4 30 
ee 96 384 15°5 34 95 38 1533 334 
as 103 41 1 WY Ge 384 102 41 17-0 374 
Oo. 3 109 434 19-0 42 108 43 18-5 41 
hae 117 46 21°53 47 ig iS 45 20:4 45 
Sa. 122 48 22 50 120 47 wore 49 
Sh ee 127 50 25:0 DD 125 49 24-0 53 
is..., 132 52. 27-0 60 131 514 27:0 594 
ae 137 54 30-0 66 136 534 29:0 64 
72. 142 56 32°6 ry: 141 554 32°6 72 
san;, 146 574 35-4 78 147 58 36°7 81 
i. 150 59 40-0 88 153 60 41-7 92 
a2, 158 62 45-4 100 55 61 44:4 98 


APPENDIX XVI 
THE A.C.H. INDEX OF NUTRITION * 


Tue A.C.H. (A = arm, C = chest, H = hip) index is the result of the work 
of Franzen and Palmef on behalf of the American Child Health Association. 
The methods and principles underlying its construction are roughly as 
follows: 

Large numbers of children (over 10,000) were examined by competent 
pediaticians and their state of nutrition assessed by clinical examination. 
From the same children a very complete set of measurements was taken, 
including shoulder breadth, hip width, chest width and depth, height, weight, 
arm and calf girth, size of deltoid and thickness of the subcutaneous tissue 
of different areas of the arms and legs. By elaborate statistical treatment, 


1 Quoted from W. R. Aykroyd and K. Rajagopal (Ind. J. med. Res., 1936, 24, 422). 
455 


456 TROPICAL NUTRITION AND DIETETICS 


the correlation between the presence of malnutrition as determined by 
clinical examination and the various measurements was worked out. Ulti- 
mately it was found that a certain relationship between arm, chest and hig 
measurements was associated with a diagnosis of malnutrition, othe 
measurements being discarded as unnecessary for practical purposes. Ir 
practice, the observer measures the circumference of the arm at the highes! 
point of the biceps with the arm flexed and extended; the anterior-posterio1 
diameter of the chest during inspiration and expiration; and the width of 
the hips from trochanter to trochanter. He then consults a chart which 
gives the minimum difference between arm girth and chest depth for a certair 
width of hip. If the difference in the child examined is less than the figure 
in the chart that child is selected as suffering from malnutrition. Accordins 
to the principles on which it is based the index picks out the children to whom 
an experienced physician would affix the label ‘‘ malnutrition.’ Suck 
children have “‘ small amount of musculature and fatty tissue relative tc 
body build.” Statistical analysis showed that American physicians pay 
more attention to the state of muscular and adipose tissue than to any othe 
sign or symptom. 

To make these points more comprehensible to those not familiar with the 
index, the chart used in “ selection”’ is reproduced in full. As previously 
stated, two measurements of arm girth and chest depth, respectively, ar 
taken. These are added together before subtraction. 

Supposing a boy’s width is between 23-0 cm. and 23-4cm. If the difference 
between the arm girth and chest depth is less than 3-3 cm. he is “‘ selected.’ 


THE A.CH. CHART 













BOYS 
Minimum difference 
between arm girth 
and chest depth 
(cm.) 


GIRLS 
Minimum difference 
between arm girth 
and chest depth 
(cm.) 












Width of hips 
(cm.) 
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APPENDIX XVII 
TESTS FOR HCN IN FOODSTUFFS 


A Qualitative Test. A simple test for the presence of HCN in foodstuffs 
is as follows: 


Slips of filter paper are soaked in the following reagents: 


Sodium carbonate : By easy 
Picric acid . : : ee s3, 21M. 
Water : : : + 100 c.c; 


The slips of paper are allowed to dry, and will keep for several weeks. 

The foodstuff is pounded into a pulp, and moistened if necessary, and a 
quantity is placed in a test-tube so as to occupy about 2 in. of the lower end. 
A slip of the yellow picric acid paper is attached to a cork and inserted 
into the test-tube above the pounded foodstuff. The slip of paper should 
be slightly moist. Any HCN liberated from the glucosides of the foodstuff 
will slowly turn the yellow paper a brown colour. When there is a large 
amount of HCN given off the brown colour appears in a few minutes, but 
when small amounts of HCN are present the colour may not appear for 
several hours. 

A Quantitative Test. The foodstuff, such as manioc root, is weighed 
and quickly pounded to a pulp and placed in a little water in a large distilling 
flask. A glass tube leads into the pulp and water. Another tube from the 
flask is connected in series with three large test-tubes, the first two contain 
about 10 ml. of 5 per cent. KOH, and glass tubes lead below this potash. 
The last test-tube is connected to a filter pump so that air can be rapidly 
drawn from the flask to bubble through the potash. The large flask is placed 
on a water bath heated to 45°C. The enzyme of the foodstuff sets free the 
HCN which is carried by the aeration and absorbed by the potash. To 
exhaust the HCN given off, air should be drawn through the pulp and water 
and into the potash for 12 hours. The amount of HCN absorbed by the 
potash is determined by titration with M/100 silver nitrate, a few drops of 
5 per cent. KI being used as indicator. When all the cyanide has formed 
the soluble double salt AgCN.KCN, a cloud of precipitate of Agl appears. 
The estimation is 1 ml. of M/100 silver nitrate + 0-0005404 of HCN. For 
other details, see L. R. Bishop (1927), Biochem. J., 21, 1,163. 


APPENDIX XVIII 
DETERMINATION OF FLUORINE IN WATER 


Sanchis Method. This method depends upon the bleaching qualitie 
of fluorides on the purple lake formed by a mixture of zirconium nitrat 
and Alizarin—S. The sensitivity of the reaction is increased by free acids 
The bleaching power of the water being examined is compared colori 
metrically with that of standards. 

The stock solution of the indicator is prepared by mixing a 0°87 per cent 
solution of zirconium nitrate with an equal volume of a 0-7 per cent. solutio: 
of Alizarin—S. This solution is diluted five times before use. 

Each of 100 ml. of the sample (filtered if not clear) and 100 ml. of standard 
containing 0, 0:25, 0:5, 0-75, 1, 1:5, 2, 2-5 and 3 parts per million o 
fluorine in the form of added fluoride is mixed with 2 ml. of 3N.HC 
2 ml. of sN.H,SO, and 2 ml. of the above indicator solution. These solution 
are quickly boiled and allowed to stand for 4 hours in a dark cupboard o 
box, and then the colours are compared. The flasks used must be uniforn 
in size and thickness of glass. 


APPENDIX XIX 


To convert grams per cent. into grams per oz. divide by 3.53. 


Grams per cent. Grams per oz. Grams per cent. Grams per 02z. 
1 0-283 Sil 
2 0-566 12 339 
3 0-849 13 3°68 
4 132 14 3-96 
5 1-416 15 4:24 
6 1-699 16 4:53 
7 1-983 . 17 4-81 
8 2:266 18 5-09 
9 2°549 19 5-38 
10 2°83 20 5:66 
CONVERSION TABLES 
1 Metre : ; . 39-37 inches L-Pint « ; , . 0-568 litres 
1 Inch . . ‘ s 2°34 Ci. PML : ; . 16:39 minims 
1 Foot . . . - 30°48 cm. 1 Cui : . 28-33 litres 
Lbite. ‘ : . 1:76 pints 6-235 gallons 
ORs 35:2 fl. oz. 1 Ci in. 3 : . 16-386 ml. 
1 Millilitre . : - 0-28 fi. dr. 1 Gallon : : . 4-545 litres 
1 Kilogram ‘ : » 2:2 ibs (Ave) 
35-27 oz. 
1 Gramme : 3 - 15-43 grains 
1 Oz. (Av.) ‘ : . 28-35 gm. 
1 Oz. (Tr.) ‘ , - 31:1 gm. 
1 Lb. (Av.) , ‘ - 453-6 gm. 
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APPENDIX XX 


WEIGHTS AND MEASURES 


Metric System: 
MEASURE OF LENGTH 


1 Kilometre (km.) . 1,000-0 m. 
1 Metre (m.) . tn 


1 Centimetre (cm.) . 0-01 m 

1 Millimetre Sh 0-001 m 

1 Micron () 0-001 mm 
1 Millimicron Cah 0-001 pu 


1 Hectolitre (hl.) 

1 Litre (1) 

1 Centilitre (cl.) 

1 Millilitre (ml. (c.c.) ) 
1 Decimillilitre (dml.) 
1 Centimillilitre (cml.) 


Imperial System : 
AVOIRDUPOIS WEIGHT 
1 Ounce (0z.) 16 drachms (dr.) 


1 Pound (Ib.). 16 oz. 
1 Stone (st.) « 14 lb. 
1 Quarter (ar.) < PER 
1 Hundredweight (owt. ie pet ar: 
bon - ; . 20cwt. 


Ton (20 cwt.) . 

Long ton (U.S.A.) 
Short ton (U.S.A.)_ . 
Metric ton (1,000 kilos) 


MEASURE OF WEIGHT 


1 Kilogram (kg.) . 1,000-0 gm. 
1 Gramme (gm.) 1:0 gm. 
1 Centigram (cgm.) 0:01 gm. 
1 Milligram (mg.) . 0-001 gm 
1 Microgram (umg., y) - 0-001 mg 


MEASURE OF CAPACITY 


1 Fluid drachm (fl. dr.) . 60 minims 
1 Fluid ounce (fi. oz.) 8 fi. dr. 
1 Pint (pt.) 20 fl. oz. 
1 Quart (qt.) 2 pt. 
1 Gallon (gal.) 4 at. 
(1 gill (quartern) 5 fl. oz.) 
2,240 Ib 
2,400 Ib 
2,000 Ib. 
2, 204-6 Ib. 
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Conversion Graph—‘* Inches to Centimetres’’ 
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Conversion Graph—‘‘ Ounces to Grammes’’ 


APPENDIX XXIII 


DOMESTIC MEASURE 


1 Teaspoonful : ‘ Geena dierelr. 1 Wineglassful 5 . 2hiom 
1 Dessertspoonful . : rome tion, 1 Teacupful . ; . 5 fis 
1 Tablespoonful . , . $02. 1 Tumblerful : - 8 fiom 


APPENDIX XXIV 


212 


202 


@ 
nm 


FAHRENHEIT. 
N 
i] 


o 
~ 
FAHRENHE'|T, . 
a 
i) 





152 
52 142 
42 
32 eseass batee cesesers tpn a 122 4 — - ed 
© 10 20 30 40 50 So 60 70 80 90 100 
CENTIGRADE CENTIGRADE. 
Graph 17. 


Conversion Graph—‘‘ Fahrenheit to Centigrade’’ 
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INDEX 


Numbers in heavy type indicate pages with the most important references to the subject. 


A 


Acetyl choline, 107 
Acetyl pyridine, 63 
Achatina fulica, 286 
Achee fruit, 261, 379 
Achras zapote, 269 
A.C.H. index, 346, 455 
Achrestic anemia, 155 
Achromotrichia, 101, 350 
Acid-base balance, 49 
Acidic ash foods, 50 
Acids, organic, in fruit, 260 
Acidity, protecting vitamins, 203 
Acorns, analysis of, 412 
Acrocomia sclerocarpa, 257 
Acrodynia, 98 
Adansonia digitata, 257 
Adaptation, dark, 148 
Adaptometer, 148 
Adermin, 98 
Adlay, 219, 402 
Adzuki bean, 228 
4gle marmelos, 261 
Aframonum spp, 274 
Agathi, 247 
Agene, 185 
Agnipedites, 146 
Akee fruit, 261 
Akta pea, 374 
Alanine, 12 
Alcohol, 280, 399 
Alfalfa, analysis of, 408 
Algez, 299 
Alkaline ash foods, 50 
Alkalinity destroying vitamins, 203 
Alligator pear, 251 
Allium ampeloprasum, 278 
ascalonicum, 278 
cepa, 241, 406 
odorum, 278 
sativum, 278, 418 
ursinum, 242 
Allspice, 276 
» Almonds, 253-254, 412 
Alocasia spp, 239 ‘ 
Alopecia from deficiency of pantothenic 
acid, 101 
riboflavin, 91 
Alpha-tocopherol, 130 
Aluminium, 48 
Amaranthus spp \eaves, 244 
seeds, 252 
“ Amigen,” 171 
* Amino acids, 12 
relation to biological value, 19 
in various proteins, 14 
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Aminobenzoic acid, 63 
Amonum spp, 274 
Amorphophyllus spp, 239 
Amygdalin, 379 
Anacardium occidentale, 253 
Anacobin, 111 


Anemia, 138, 152-158 


Analysis of foods, 396, 402-426 
Ananas comosus, 269 
Anethum graveolens, 275 
Aneurin, 81 
Angular stomatitis, 143, 165 
in nutritional surveys, 354 

Animal husbandry, 372 
** Animal protein factor,’ 113 
Anise, 274, 276 
Annona spp, 260, 262 
Antihemorrhagic vitamin, 134 
Antipernicious anemia factor, 109 
Antimetabolite, 64 
Antivitamin, 64 
Ants, red, as condiments, 278 

white, 287 
Apio, 241 
Aplastic anemia, 153 


-Apples, 262, 265, 266, 269 


analysis of, 414 
Apricot, analysis of, 414 
Aracee, 236 
Arachidonic acid, 7 
Arachis hypogea, 219, 223 
Areca catechu, 412 
Arenga palm, sago from, 300 

sugar from, 302 

Argemone mexicana, 376 
Argemone seeds, 376 
Argostemma, 386 
Aroids, 236 
Aromatic leaves, 273 
Arracacia xanthorrhiza, 241 
Arrowhead, 240 


4 Arrowroot, 239-240, 301, 406 


Arsenic, 48 

Artichoke, 241, 243 

Artocarpus communis, 250 
intregifolia, 251 

Asafecetida, 277, 418 


Ascorbic acid, 114-118 


~ deficiency of, 116 
destruction in preparation of food, 
120 
. in foods, 119 
M.R.C. investigation, 118 
relation to scurvy, 116 
_ requirements of, 118 
in urine, 116, 438 


|. Ash gourd, 248, 408 
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Asparagus, 243 

bush, 248 

pea, 230 
Astrocaryum spp, 257 
Ataxia 146 
Atriplex littoralis, 378 
Atriplicism, 378 
Attaflour, 210 
Attalea cohune, 256 
Aubergine, 251 
Avena sativa, 218 
Averrhea bilimi, 261 

carambola, 261 
Avidin, 63, 102 
Avocado pear, 251, 410 
Axerophtol, 70 


Babassu oil, 257 
Bachstrom, 54 
Bacillus fusiformis, 173 
Bacon, analysis, 420 
Bacterial food poisoning, 388 
Bael fruit, 261, 414 
_- Bajra millet, 216 
Bambara earth pea, 223, 404 
Bamboo shoots, 247, 410 
Bambusa spp, 247 
Banana, 261, 414 
Bandakka, 252 
Banyan fig, 264 
Baobab oil, 257 
Barks used as condiments, 276 
Barley, 219, 402 
Barlow’s disease, 165 
Basal metabolism, 307 
Basella rubra, 246 
Basidiomycetes, 301 
Batata, 236 
Batoka plum, 261 
Beans, 219, 223-231 
analysis of, 404 
Béche-de-mer, 287, 422 
Beef, 283, 420 
Beer, 281 
Beetles in flour, 430 
Beetroot, analysis of, 406 
sugar, 4 
Bell apple, 268 
Belostoma, 278 
Bengal gram, 229 
Benicasa hispida, 248 
Benniseed, 258 
Ben oil, 247, 258 
Benzoic acid in fruit, 260 
~ Beriberi, 139, 140 
history of, 55 
Bertholletia excelsa, 253 
Beverages, 279 
alcoholic, 281 
Bile salts, 135 
and absorption of vitamins, 74, 135 
Bilimbi, 261, 414 


Bilirubin in plasma, 156 
Biltong, 201 
Bins for storage, 199 
Biological adaptation, 36 
assays, 64 
experiments, 66 
value, 19 
Biopsy of liver, 161 
Biotin, 102 
in foodstuffs, 104 
Birds, 284 
Biscuits, 211 
Bitot’s spots, 166, 353 
Black tongue, 94,96 
Blemishes of malnutrition, 347 
Blepharitis, 143 
Blighia sapinda, 261 ; 
Blindness from vitamin A deficiency, 149 
Blood in anemia, 156 
examination of, 155 
Blood plum, 262 
Blueberry, 262 
Bonavista bean, 229 
Bone marrow in anemia, 156 
Bones in rickets, 126 
Boron, 48 
Borassus flabellifer, 240, 248 
Botulism, 389, 392 
Braddon, W. L., 56 
Bradycardia in thiamine deficiency, 85 
Brain, food value of, 284 
Bran, 208 
Brassica alba, 244, 275 
alboglabra, 244 
campestris, 241 
Chinensis, 244 
juncea, 244, 259, 275 
nigra, 275 
oleracee, 243 
rapa, 244 
Brazil nut, 253 
analysis of, 412 
Bread, 208, 402 
black, 218 
poisoning, 387 
reinforced, 210 
ropy, 387 
Bread fruit, 205, 250, 410 
Break system in milling, 185 
Brewer’s yeast, 303 
~Brinjal, 251 
Broccoli, 243 
Bromine, 48 
Pray Daa test for liver damage, 16 


Broom corn, 216 

Bruchus pisorum, 429 

Brussels sprouts, 243 

Buck wheat, 253, 412 

Buffalo milk, 288, 372, 424 
curds, 291 

Bullock’s heart, 262, 414 

Bunchi beans, 228 





Buriti palm, 300, 302 
Burning feet and hands, 101, 146 





INDEX 463 








Bush sickness from cobalt deficiency, 47 Capillary fragility, 117 
~ Butter, 258, 296, 424 Capparis Hanon: 273 
bean, 228 Caproic acid, 7 
fruit, 268 Caprylic acid, 7 
— milk, analysis of, 424 Capsicum, 274 
Butyric acid, 7 Carambola, 261 
Butyrospermium parkii, 259 | Caraway seed, 274 
«Carbohydrates, 398 
dietary allowances of, 317 
cE: a fats from, 8 
arboxylpyridine, 63 
Cabbage, 243, 408 Ca acimns) 274, 418 
Cactus fruits, 262, 316 Cargo rice, 441 
Caimito, 262 Carica papaya, 268 
Cajanus indicus, 222, 229 Caries of teeth, 168 
Calabash, 248 Carissa curandas, 266 
leaves, 246 Carnauba palm, 248, 300, 302 
Calamondin orange, 264 Carob bean, 230, 404 
Calandra, 427 ‘Carotene, 70, 74 
Calciferol, 121 Carotinol, 70 
— Calcium, 27-36 Carrageen moss, 299 
absorption of, 32, 35 +«Carrots, 241, 406 
. allowances of, 38, 317 Carthamus tinctorius, 259, 273 
balance in body, 35 Cartier, Jacques, 51 
biological adaptation, 36 Carum carui, 274 
in blood, 29, 357 copticum, 274 
in bone, 29, 36 Caryocar nuciferum, 258 
in bread, 33 Caryota urens, 300 
- deficiency, 29, 31 Casein, 295 
oxalate, 32 Cashew fruit, 263, 414 
pantothenate, 100 nut, 253, 412 
phosphorus ratio, 35, 317 Cassava, 239, 406 
phytates, 32 Cassia bark, 276 
~ requirements of, 35 Castanea sativa, 253 
retention in body, 37 Castanopsis spp, 253 
= Calories, 305-320 Cataracts from riboflavin deficiency, 91 
of alcohol, 281 Catechins, 120 
allowances as laid down by League of | Catering, supervision of, 325 
Nations, 309 Cauliflower, 243 
American Food and Nutrition | Cayenne pepper, 274 
Board, 312 Ceiba pentandra, 258 
under tropical conditions, 313 occidentale, 258 
coefficients for ages, 310 Celery, analysis of, 410 
dietary allowances of, 309 Cellulose, 6 
during lactation, 316 Celosea cristata, 246 
in foodstuffs, 305 Centella asiatica, 246 
of organic acids, 398 Ceratonia siliqua, 230 
= requirements, 306, 307 Cerealine, 216 
during pregnancy, 310, 315 ‘Cereals, 176-198, 207-219, 402 
Calorimeter, Atwater’s bomb, 443 bran of, 177, 208 


digestibility of, 179 
.. general composition of, 208 
grain structures of, 176, 177 
vitamins in, 178 
hand pounding of, 181 
. milling of, 181 
Cevitamic acid, 114 
Ceylon spinach, 246 
Chappaties, 210 


Calthrop, water, 240 

Cambu millet, 216 

Camellia spp, 259 

Camote, 236 

Canarium commune, 253 
ovatum, 254 

Canavalia gladiata, 230 
ensiformis, 230 





Cane, sugar, 4, 302 | 
Canella winterana, 277 Charqut, 201 
Canistel, 262 Chastek’s paralysis, 63 
Canna edulis, 240, 301 = serbian 1d 

ante 267 % 
ee eooedt |-Cheilosis, 143, 165 
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Chekur manis, 247 

Cherry, West Indian, 270 

Chestnuts, 253, 412 
water, 240 

Chicken, 284, 420 

Chicle gum, 269 

Chicomamey, 269 

Chiku, 269 

Children, diets of, 329 
growth of, 31, 343 
school feeding of, 332, 371 
weights of, 455 

Chillies, 271, 274 


analysis of, under condiments, 418 


under peppers, 410 
ascorbic acid in, 275 
in curries, 271 
Chinese cabbage, 244 
dates, 266 
gardeners, 372 
Chiropodalgia, 146 
Chives, 278 
wild, 242 
Chlorophycee, 299 
Cholesterol, 10, 122 
Chocha, 249 
Choline, 10, 106, 107 
Chromatography, 14 
Chrysanthemum, 246 
Chrysobalanus icaco, 264 
Chrysophyllum cainito, 262 
Cicer arietinum, 229 
Cichorium endiva, 52, 244 
Cinnam, 277 
Cinnamon, 276 
Cirrhosis of liver, 161 
alcoholic, 163 
Citric acid, 260 
calories of, 398 
Citrin, 120 
Citron, 263 
Citronella grass as condiment, 273 
Citrulline, 12 
Citrullus vulgaris, 267 
Citrus fruits, 52, 263, 264 
Claviceps purpurea, 394 
paspali, 395 
Clostridium botulinium, 392 
butylicum, 104 
Cloves, 273, 418 


~ Cluster beans, 230 


Co-acetylase, 100 
Cobalt, 47 
in vitamin B,», 113 
Cobione, 111 
Co-carboxylase, 61 
Cocklearia armoracea, 277 
officinalis, 52, 246 


* Cocoa, 279 


plum, 264 
Coconut, 255, 256, 412 

weight of kernels, 444 
Cocos nucifera, 255 
Cocoyam, 237 

saponins in, 239 


INDEX 


Coctic cells in blood, 159 
Cod fish, analysis of, 422 
liver oil, 426 
Co-emzyme, 61 
A, 100 
R, 102 
Coffee, 279 
r Cohune nut oil, 256 
Coix lachryma-Jobi, 219, 402 
Cold storage, 200 
Coleus tiberosus, 240 
Colocasia esculentum, 237 
Colour index of blood, 155 
Columbus, 206 : 
Composition of human body in elements, 
Condiments, 271-273, 418 
barks used as, 276 
cirrhosis in relation to, 161, 273 
Conditioned deficiencies of vitamins, 62, 17 
Conjunctiva, thickening of, in malnutritior 
91, 353 
Conversion of animal feeding stuffs, 370 
processing of rice, 191, 196 
tables, 460 
Convulsions in calcium deficiency, 31 
in infantile mortality, 361 
in rodents, 99 





|. Cooking, effect on proteins, 24 





vitamins, 202 
of rice, 193 
Copernicia spp, 248, 300, 302 
Copper, 43, 44 
Coquilla nut oil, 257 
Corchorus olitorius, 246 
Corcyra cephalonica, 433 
Coriander, 275 
Coriandrum sativum, 275, 418 
Corn, 214, 216 
cockle poisoning, 386, 387 
Corypha utan, 300 
Cotton seed, 19 
oil, 258 
+- Cow pea, 228, 404 
Crab, 286, 422 
Cranberry, 260 
Crayfish, 286, 422 
Crazy pavement eruption, 166 
Cream, analysis of, 424 
Cress, garden, 52, 54, 242 
water, 52 
Cretinism, 46 
Crocus sativus, 273 
Crustaceans, 286 
Cryptoxanthin, 70 
Cucumber, 248 
Cucumis melo, 267 
Sativis, 248 
Cucurbita maxima, 249 
moschata, 249 
pepo, 248 
Culebrilla, 165 
Cuminum cyminum, 275 
Cummin, 275, 418 
Curcuma longa, 277 
zedoaria, 277 
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Curcumin, 277 


— Curds of milk, 291 


soya bean, 225, 404 
Currants, 52 
Curry, 271 

leaves, 273 

powders, 279 
Custard apple, 262, 414 
Cuttle fish, 287, 422 
Cyamopsis psoralioides, 230 
Cycads, 300 
Cycas circinatis, 300 
Cyclamen Europeum, 385 
Cymbopogon citratis, 273 
Cynara scolymus, 243 
Cyperus esculentus, 240 
Cyphomandra betacea, 270 
Cysteine, 13 
Cystin, 13 
Cystosperma edule, 240 
Cytosiderosis, 162 


D 
Dal, 222 
Dandelion, 52, 242 


Darnel grass, poisoning by, 387 


Dasheen, 237 


= Dates, 267, 414 


Chinese, 266 
Daucus carota, 241 
Dawa, 216 
D.D.T., 434 
Deafness, 147 


Debility, in statistics of mortality rates, 362 


Decarboxylase, 98 
Deficiency, conditioned, 62 
Dehydration of foods, 202 


Denmark disease from cobalt deficiency, 47 


Dentition tables, 438 


Dermatitis, crazy pavement, 166 


mosaic, 350 


in pantothenic acid deficiency, 100. 


in pellagra, 142 
in pyridoxine deficiency, 99 
scrotal, 143, 352 
Dessert fruits, 260 
Deuterium, 2 
Dextrin, 5 
Dextrose, 4 


= Dhalls, 222, 404 


effect of sun drying, 201 
Dhurra, 216 
Dhurrin, 380 
Diabetes and condiments, 273 
Diascorea spp, 237 


Dichlorophenol-indophenol test for ascor- 


bic acid, 115 


Dicoumarol in sweet clover poisoning of 


cattle, 63 


surveys, 334 


instructions for inquiry, 453 


qualitative, 334 
quantitative, 336 


wances, 309, 316, 317 
recommendations, 309, 312, 313 


INDEX 


Diets, 318, 321-333 


allowances of various nutrients, 309 


caloric value of, 305 
children’s, 329, 332 
contracting for, 322, 325 
deficient, examples of, 318 
hospital, 321 
schedule in Ceylon, 450 
in Malaya, 446 
Digestibility, 18 
of cereals, 179 
of pulses, 220 
Digestive utilisation, 18 
Dika butter, 258 
Dill, 275 
Dimorphic anemia, 159 
Diodon, 388 
Diospyros kaki, 242, 268 
Diploknema butyracee, 259 
Disaccharides, 3 


mortality statistics, 362 
Dolichos biflorus, 229 
lablab, 229 


Doorian, 264 


Doumori butter, 258 
Dracena mannii, 248 
Dried food, 201 

fruits, 261 
Drumsticks, 247, 410 
Drying of food, 200 
Duck, 285, 420 

eggs, analysis of, 420 
Duffin bean, 228 
Duku, 266 
Dumoria Heckeli, 258 
Durian, 264 
Durio zibethinus, 264 
Dynamic state of body, 2 
Dysphagia, 147 
Dyssebacia, 143 


EB 
Earth almond, 240 
nut, 223 
pea, 223 
Eclampsia, 154, 366 
Eddo, 237 


Edible oils, 252 

portion of foodstuffs, 399 
Education, nutritional, 367 
Egg fruit, 269 

plant, 251, 410 

white injury, 63, 102, 103 
|. Eggs, 297, 420 

calcium in, 298 

protein value of, 298 
Egyptian bean, 229, 404 
Eijkman, C., 56 
El@is guineensis, 257 

melanococca, 257 





Dorsal median furrow, sign of, 346 
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Diseases of the integumentary system in 


Domestic animals, food conversion by, 370 
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Elecampane, 242 Ferula fetida, 277 
Elements, 2 Ficus carica, 264 
in human body, 1 Field bean, 229, 404 
Eleocharis spp, 240 Figs, 264, 414 
. Elephant foot yam, 239 Filtrate factors, 60 
Elettaria cardomomum, 274 Finger nails, striated, 353 
Eleucine coracana, 32, 216 ~Fish, 285-287, 422 
Emblica officinalis, 265 dried, 201, 278, 285 
Encephalomalacia, 131 eggs, analysis of, 422 
Endive, 52, 244 fermented, 278 
Endogenous metabolism, 2 liver oils, 285, 426 
Endogenous poisons in food, 374 poisoning, 387 
Energy requirements, 306 sauce, 278 
Engelberg rice mill, 187, 196 Fisheries, 373 
Ephestia, 433 Flacourtia spp, 264 
Epidemic dropsy, 376 Flavin, 89 
Ergosterol, 10, 122 Flavonones, 120 
Ergotism, 394 Flavoprotein, 90 
Eriobotrya japonica, 266 Flavoxanthin. 72 
Eriodictyol, 120 je Flour, 180-185, 208 
Eroded tongue, 143, 355 milling of, 181 
Eromethecium ashbyi, 90 processing of, 185 
Erucic acid, 7 reinforced with vitamins, 210 
Eruption, crazy pavement, 166 straight run, 185 
of deciduous teeth, 438 white, 180 
mosaic, 350 Flowers, edible, 252 
of pellagra, 142 as condiments, 273 
Eryngium fetidum, 273 Fluorine, 49 
Erythromelalgia, 146 bones, effect on, 384 
Esculetin, 120 teeth, effect on, 170, 383 
Eskimos, 25 test for, 458 
Eugenia aque, 266 in water, 384, 458 
aromatica, 273 Fluorosis, 383 
Jambos, 266 Feniculum vulgare, 275 
Euphasia officinalis, 242 Folic acid, 105, 108 
Euterpe aleracew, 248, 257 deficiency anemia, 158 
Exogenous metabolism, 1 Follicular keratosis in scurvy, 151 
poisons in food, 388 in vitamin A deficiency, 350 
Extrinsic factor, 109, 154 Food poisoning, 374 
Eyebright, 242 achee, 379 
atriplicism, 378 
F bacterial, 388 
bread contaminants, 387 
Factors of vitamin B complex, 98 endogenous, 374 
filtrate, 60 epidemic dropsy, 376 
Feces in malnutrition, 165 . exogenous, 388 
Fagopyrism, 387 fagopyrism, 387 
Fagopyrium esculentum, 253 goitrogenicity of soya bean, 376 
Farinaceous seeds, 252 HCN, 379, 381 
Farine, 239 lathyrism, 374 
= Fats, 6-9 molybdenum, 383 
animal, 9 outbreaks of, 393 
dietary allowances of, 317 ptomaine, 388 
estimation of, 397 salmonella, 390 
vegetable, 254 saponin, 385 
Fatty acids, 6-9 selenium, 382 
effect on Ca absorption, 35 solanin, 386 
Feculas, 197 staphylococci, 392 
analysis of, 301, 406, 426 stores, fumigation of, 434 
Feniculum vulgare, 242, 275 Foods, 204 
Fennel, 242, 275 - analysis tables of, 402-426 
Stony ied ea ti 418 - Classification of, 204 
ermented foods, ; ieldi 
Ferrie 248 _- energy yielding, 311 


, 248 factors of conversion by domestis 
Feronia limonia, 270 animals, 370 7 
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Foods, proprietory, 395 
protective, 311 
refuse from, as purchased, 399 
storage of, 198, 200 
utilization of, 91 
water content of, 397 
— French beans, 219, 410 
Fructose, 4 
Fruit sugar, 4 
_— Fruits, 250, 260, 414 
calories from organic acids, 399 
in Lind’s treatise, 52 
starchy, 250 
vegetable, 250 
vitamins in, 260 
Frumenty, 208 
Fungi, edible, 301 
poisonous, 387 
Funk, Casimir, 59 


Goraka, 275 
Gossypium spp, 258 
Gossypol, 19 
Gourds, 248, 408 
Grains, cereal, 176 
of Paradise, 274 
weights of measures of, 445 
Grams, 219, 227-229, 404, 410 
flour of, 222 
Granadilla, 268 
Grape sugar, 4 
Grapefruit, 263, 414 
rapes, 265, 414 
Greving of hair, 101 
Grey plum, 265 
Grijns, G., 57 
»Ground nut, 219, 223, 404 
Grubs, 287 
Grugru oil, 257 
worms, 287 
Guava, 265, 414 
Guinea corn, 216 
Gula malacca, 256 
Gums in malnutrition, 166, 355 
in scurvy, 151 
Gynandropsis pentaphylla, 246 


H 


Hematostaphis barteri, 262 

Hemocuprein, 43 

Hemopoiesis, 153 

Hemorrhagica neonatorum, 136 

Hemorrhagic diathesis in vitamin K defi- 
ciency, 136 

syndrome in scurvy, 53 

Haigamar rice mill, 189 

Ham, 283, 420 

Haricot beans, 219, 404 

Harrison’s sulcus, 126 

Hawkins, Sir Richard, 52 

Heart, 284, 420 

Helianthus annuus, 254 
tuberosus, 241 

Hemeralopia, 138, 147 


















G 


Galactans, 6, 224 
Galactose, 4 
Galam butter, 258 
Galangal, 274, 277 
Garcina mangostana, 267 
indica, 258 
Garden cress, 242 
Garlic, 278, 418 
Gelatin, 16, 17 
Gelidium rigidum, 299 
iodine in, 47 
‘“* Geographical ” tongue, 355 
Germ of cereals, 177 
Germinating seeds, 226 
«= Ghee, 296, 424 
Gillan’s ceedema, 165 
Gingelly oil, 259 
seed, 259, 412 
Ginger, 277, 418 
bread plum, 265 
Gliadin, 17, 22 
Glossitis, 143, 165 


Glucose, 4 Hemicellulose, 6 ae 

Glutamic acid, 12, 108 Hepatic type of malnutrition in infancy, 166 
Gluten, 22 Hepatitis, 162 ‘ 

Glycerol, 6 Herbs, mentioned by Lind, 52 

Glycine, 12 used in past times, 242 


Hesperidin, 120 
Hess’s capillary resistance test 437 
Hexuronic acid, 144 
Hibbert bean, 228 
Hibiscus esculentus, 252 
sabdariffa, 246, 273 
Hinton, J. J. C., 177 
Histidine, 12 


Glycine max, 219, 223 
Glycogen, 4 
Glycolipids, 10 } 
Glycosides, cyanogenetic in foods, 379 
Gnathocerus, 431 
Gnetum edule, 265 
Goa beans, 230, 404 
. Goat’s meat, 420 


ilk, 288, 424 Hog plum, 265, 414 
Haare 46 Holothurium, 287, 422 
Goldberger, 93 Holst, A., 57 
Gombo, 252 Hominy, 216 
Goose, analysis of, 420 Honey, 301 

skin, 352 locust, 231 


Hookworm infestation, 152, 159, 366 


_ Gooseberry, Cape, 263 anemia of, 157, 366 


Indian, 265, 414 
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Hopkins, Gowland, 58 Isin (Blighia), 379 
Hordein, 17 Isoleucine, 12 
Hordeum vulgare, 219, 402 Isoptera spp, 258 
Hormones, 17 Isotopes of elements, 2 
Horse gram, 229 j 
radish, 277 
tree, 247 Jaggery, 301, 426 
Hospital diets, 321 Jak fruit, 251, 410 
schedules of, 446 Jam, 302, 426 
Hubbard, 249 Jamaica pepper, 276 
Hulling of rice, 186 -Jambu fruit, 266, 414 
Hunger cedema, 160 Japanese rice mill, 189 
Husks of paddy, 176 Jaws, growth of, 170 
Hutchinsonian teeth, 383 Jerusalem artichoke, 241 
Hyacinth bean, 229 Jesuit tea, 280 
Hydrocyanic acid in foods, 379, 457 Jew’s mallow, 246 
Hydrogenation of fats, 8 Job’s tears, 219 
Hymenea courbaril, 231 Joseph’s stores, 198 
Hyperchromic anemia, 157 Jowar, 216 
Hyperkeratosis follicularis, 350 Jugo bean, 223 
Hypervitaminosis, 128 Jujube, 266 
Hypochromic anemia, 157 Jute as a vegetable, 246 
in dogs and swine, 99 
Hypoplasia of teeth, 126 K 
Hypoproteinemia, 160, 166, 357 Kaffir corn, 216 
Hypoprothrombinemia, 137 potato, 240 
Hyporiboflavinosis, 143 Kale, 243 
Kamoot, 258 
I Kangkong, 246 
Igo fruit, 265 Kapok oil, 258 
Illicium verum, 276 Kaoliang, 216 
Illipe butter, 258 Karaunda, 266 
flowers, 252 Katabolism, 18 
Impetigo, 365 Katakar oil, 376 
.. Indian gooseberry, 265, 414 Kechap, 226, 278 
troops ration, 320 Kelp, 299 
Infantile beriberi, 140 Kenari nut, 253 
malnutrition, 163 Kephir, 290 
mortality, 163 Keratitis, 143 : 
pellagra, 165 Keratomalacia, 76, 138, 149, 166 
scurvy, 166 Keratosis pillaris, 352 
- Infants, diets of, 331 Ketone bodies, 9 
weights of, 455 Khesari dhall, 222 
Inhibitors, 63, 64 relation to lathyrism, 374 
Inositol, 105 Kidney, 284, 420 
Insects as condiments, 278 hemorrhagic, in infants, 107 
as food, 287, 420 Kidney bean, 219, 404 
as pests of food, 427 Kittul palm, 300 
Insulin, 17 Knudsen-Shiotz sign, 346 
International unit, 62 Kohlrabi, 243 
Intrinsic factor, 108, 154 Kokam butter, 258 
Inula helenium, 242 Korarima cardamon, 274 
Inulin in artichoke, 241 Koumiss, 290 
Invert sugar, 5 Kummel, 274 
~ Iodine, 46, 49 Kumquat, 263 
goitre from deficiency of, 49 Kurdee oil, 258 
numbers for fats, 7 Kwasiorkhor, 165, 166, 362 
Ipomomea aquatica, 246 Kynurenine, 96 
batatas, 236 Kyphosis, 126 
reptans, 246 
Iron, 40-42 1 
allowances of, 318 
availability of, 41, 318 Labile methyl group, 106 
deficiency anemia, 42, 154 Lacrymation in vitamin deficiency, 143 





Irvingia gabonensis, 258 Lactalbumen, 17, 22 


—— a 


Lactate-puruvate ratio in blood, 83 
Lactation, calorie requirements during, 316 
protein requirements during, 23 


Lactic acid, 82 
in curds, 291 

Lactobacillus arabinosus, 65 

bulgaricus, 290 

casei, 65, 91 

factor, 108 

lactis Dorner factor, 112 
Lactochrome, 89 
Lactoflavin, 89 
Lactose, 5 
Lactuca sativa, 244 

Indica, 244 
Levulose, 4 

~ Ladies’ fingers, 252, 410 

Lagenaria leucantha, 246, 248 
Laminaria, 47, 299 

iodine in, 47 
Lamsiekte, 30 
Lamy, 258 
Lancaster, Sir James, 52 
Langsat, 266, 414 
Languas galanga, 277 
Lansium domesticum, 266 
La perléche, 355 
Larceny, 372 
Lard, analysis of, 426 


Laryngeal palsy in infantile beriberi, 140 


Lasia spinosus, 247 
» Lathyrism, 374 
— Lathyrus pea, 222, 374, 404 
Lathyrus sativus, 222 
spp, 374 
Lauric acid, 7 
Laver bread, 299 
Laziness and unrest, 369 


League of Nations Dietary Recommen- 


dations, 309 
Leaves, 241, 408 
Leben, 290 
Lecithin, 10 
Lecythis spp, 259 
Leeks, 278, 406 
Legumes, 219 
Legumin, 221 


Leguminous pods, 228, 251, 410 


~- Lemon, 263, 414. 
Lemon juice, analysis of, 414 
caloric value of, 399 
grass, 273 
Lens esculentus, 219 
~ Lentils, 219, 404 
Lepidum sativum, 52, 242 
Lettuce, 244, 408 
Leucine, 12 
Leuconostoc mesenteroides, 65 
Lichee fruit, 269 
Lima beans, 228, 404 


cyanogenetic glycoside in, 379 


poisoning by, 381 
Lime berry, 266 
Limes, 263, 414 
Linamarin, 239, 380 





INDEX 


Linase, 239, 380 

Lind, Captain, 51 
Linoleic acid, 7 
Linseed, analysis of, 412 
Lipoids, 6, 9 


» Liver, 161-162, 284 


~ analysis of, 420 
carcinoma of, 107 
in choline deficiency, 107 
oils of fish, 285 
tests for function of, 161, 440 
vitamins in, 284 
Ds factor 112 
Lobster, 286, 422 
Locust, 287, 420 
Locusta migratotoides, 287 
Locust bean, 230, 404 
Lolium temulentum, 387 
Loonzein, 441 
Loquat, 266, 414 
Lotus root, 240, 406 
seeds, 253, 412 
Love apple, 252 
Lucuma mammosa, 269 
Luffa acutangula, 249 
cylindrica, 249 
Lycopersicum esculentum, 252 
Lyon’s velvet bean, 230 
Lysine, 12 


M 


Mabolo 268 
Macadamia ternifolia 259 


»Macaroni, 211, 402 


Mace, 275, 418 


.. Macrocytic anemia, 157, 167 


Madhuca longifolia, 252, 258 
Madras thorn pods, 231 
Magnesium, 45 
and phytin, 34 
Mahua, 258 
Maize, 214-216, 402 
milling of, 182 
pellagra, relation to, 93, 142 
pellagragenic factor, 63, 215 
preparation of, 215 
tryptophane, relation to, 96 
Maizena, 216 
Majoram, 242 
Malaria, 152 
Malay apple, 266 
Malekizing, 191 
Malic acid, 260 
Malnutrition, 138-175 
activities to combat, 367-373 
feeces in, 165 
prevention of, 168 
signs of, 349 
surgical aspects of, 171 
surveys for, 341 
treatment of, 168 
types of, 163 
Malocclusion of the teeth, 170 
Malpighia punicifolia, 270 
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470 


Maltavena, 234 
Maltose, 5 
Mammalian organs, 284 
Mammee apple, 261 
Mandama, 165, 362 
Mandarin orange, 263 
Mandioca, 239 
Manganese, 45 
Mangifera indica, 267 
~Mango, 267, 416 
Mangosteen, 267, 416 
Manihot utilissima, 239, 380 
apii, 380 
Manioc, 239, 379-381, 406 
farine, 239 
fecula, 197 
poisoning by, 379 
precautions in cooking, 381 
tapioca from, 197 
Maranta arundinacea, 239, 301 
Margarine, 8, 426 
Marketing, 373 
Marmalade, 302 
from Seville oranges, 264 
fruit, 269 
Marmite, 158, 303 
Masai, 25 
Massoi bark, 276 
Massur dhall, 222 
Matama, 158 
Maté, 280 
Maternal mortality, 366 
Maturation factor, 109 
Matzoon, 290 
McCollum, E. V., 60 
M.C.H. (Mean Corpuscular Hemoglobin), 
156 
M.C.H.C. (Mean Corpuscular Hemoglobin 
Concentration), 156 
M.C.V. (Mean Corpuscular Volume), 155 
Mealie meal, 215 
Meals for school children, 332 
— Meat, 283, 420 
Medicago sativa, 408 
Megaloblasts, 157 
Melalgia, 146 
Mellanby, Sir E., 
Melon, 267, 416 
musk, 249 
Menadione, 134 
Mendel, 70 
Mesquite tree, 231 
Metabolism, 1-3 
basal, 306 
dynamic state of, 3 
Methionine, 17 
in liver damage, 162 
Methyl group, labile, 106 
MethyI- naphthoquinone, 134 
Methylnicotinamide, 95 
Metroxylon rumphii, 300 
sagus, 300 
Microbiological assays, 65 
Middlings, 208 
Milk, 287-297, 424 
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INDEX 


Milk, apple, 269 
—butter, 296 
~ composition of, 288 
in relation to rate of growth of young 
animals, 39 
condensed, 92 
humanized, 295, 330 
iron in, 288 
.. powders, 292 
for surgical patients, 171 
products, 288 
proprietary, 295 
- skimmed, 294 
. sour, 289 
_ substitutes, 231 
sugar, 5 
— supplementing effects of, 289 
-» types of, 39, 288, 329 
Miller’ s disease of horses, 30 
Millet, 216, 402 


3 Milling, 176, 179-189 


Millo maize, 216 
Mills, 181-189 
Minerals, 27, 28 
Molasses, 302, 426 
Molluscs, 286 
Molybdenum poisoning, 383 
Mommordica charantia, 249 
Monkey apple, 262 
nut, 223 
Monosaccharides, 3 
. Moringa oleifera, 247 
Mortality rates, 163, 360, 366 
Mosaic skin, 166, 350 
Moth bean, 228, 404 
Moth, larve of, in foodstuffs, 432 
Mowra oil, 258 
Mucuna spp, 230 
Mung gram, 227 
Murrayi kenigii 273 
Musa paradisiaca 251, 252 
sapientum, 261 
Muscular dystrophy, 131 
Mushrooms, 301, 426 
Mussels, 286, 422 
Mustard, 275, 412, 418 
leaves, 243, 244, 408 
oil, 258 
in relation to epidemic dropsy, 376 
Mutton, 283, 420 
Myristic acid, 7 
Mpristica fragrans, 275 


N 


Naphthaquinone, 134 

Naseberry, 269 

Nasturtium officinale, 52, 242 

Navy bean, 228 

Nelumbrium spp, 240, 253 

Neonatal mortality rate, 163 

Nephelium lappaceum, 269 
litchii, 269 

Nephritis from tannia, 239 

Nettles, 242 


- 


INDEX 


Neuritis, retro-bulbar, 143, 146 
Neuropathy, 143 
Neurospora sitophila, 98 
N.F.C. (non-fat calories), 86 
Niacin, 93-97 
Nicotinamide, 93 
Nicotinic acid, 93 
Nigella sativa, 275 
Night blindness, 138, 147 
Nitrogen trichloride, 185 
Noodles, 211, 402 
Normoblasts, 157 
Normocytes, 157 
Nutmeg, analysis of, 418 
Nutrients, categories of, 1 
Nutrition, assessment of, state of, 342 
Nutritional disorders of the nervous 
system, 145 
megalocytic anemia, 158 
cedema, 160 
surveys, 341-359 
biochemical methods, 356 
in Newfoundland, 355 
signs used in, 349 
Nuts, 205, 253-259 
analysis of, 412 
Nymphea spp, 240, 253 


O 


Oatmeal, 218, 402 
Oats, 218 
Ochrocarpus Africanus, 261 
Ccophila smaragdina, 278 
(Edema in beriberi, 139 
nutritional, 160, 353 
(Edematous type of malnutrition in infancy, 
166 
Cnocarpus spp, 257 
Csophagitis, 356 
Offals, 208 
Oils, fish liver, 426 
~ vegetable, 254-259 
world production of, 254 
Okari nut, 254 
Okra, 252 
Olea Europa, 412 
Oleic acid, 7 
Omum, 274, 418 
Oncosperma tigillaria, 248 
Onions, 241, 278, 406 
Opuntia spp, 262, 416 
Oranges, 263, 416 
Oreodoxa spp, 248 
Organic acids, 260, 398 
Origanum vulgare, 242 
Origin of cultivated food plants, 205 
Oryza sativa, 211 
fatua, 211 
minuta, 211 
Oryzaphilus surinamensis, 432 
Osbourne, 70 
Oslo breakfast, 332 
Osteodystrophia, 30 


47] 


Osteomalacia, 125 
Osteoporosis, 30 
Oswega, 216 
Otaheite apple, 265 
Oxalic acid, 32 

in leaves, 241 
Oyster nut, 259 
Oysters, 286, 422 


P 


Pachyrrhizus erosus, 231, 240 
Paddy, 186, 441 
hulling, 186 
parboiling, 189, 193 
percentage of rice from, 176 
pounding of, 181 
Palm, arenga, 300, 302 
buriti, 300, 302 
cabbage, 248 
carnauba, 248, 300, 302 
coconut, 255 
fruits, 267 
kittul, 300 
nuts, 254 
oils, 254 
palmyra, roots of, 240, 406 
shoots of, 248 
sago, 197 
sugar, 301 
talipot, 300 
toddy, 281 
Palmitic acid, 6 
Palmito oil, 257 
Pandanus spp, 246, 268 
latifolium (screw pine), 273 
Panicum crus galli, 216 
frumentaceum, 216 
miliaceum, 216 
{> Pantothenic acid, 100, 146 
Pantothenol, 101 
|. Papaya (papaw), 268, 416 
Paprika, 274 
Para-aminobenzoic acid, 63, 104, 111 
Paresthetic-causalgic syndrome, 146 
Paraguay tea, 280 
- Parboiled rice, 189, 195 
Parchita, 268 
Parinarum excelsum, 265 
macrophyllum, 265 
Parkia biglobosa, 230 
Parotid glands, enlargement of, 356 
Parsley, analysis of, 409 
Parsnip, 241, 406 
Paspalum scorbiculatum, 216, 402 
Passiflora spp, 268 
Passion fruit, 268, 416 
Pastes, 211, 402 
Patawa oil, 257 
P.C.V. (packed cell volume), 155 
Peaches, analysis of, 416 
Pea flour, 222 
nut, 219, 223, 404 410 
tree, West Indian, 247 
Pears, analysis of, 416 
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analysis of, 404, 410 Pisum sativum, 219, 231 
oe 239 Pithecellobium dulce, 231 
common, 231 +-Plantain, 251, 252, 410 
cow, 228 Planter’s mill, 187 
garden, 219 Plectranthus root, 240 
khesari, 222 Plodia interpunctella, 433 
pidgeon, 229 Plums, 262, 264, 265, 269 
Pedionalgia, 146 Plumule of cereals, 177 
Pekelharing, 57 Pods, leguminous, 228, 251, 410 
~ Pellagra, 93, 142 Poi, 238, 251 
beriberi, 165 Poisonous fungi, 387 
infantile, 165 Poisons in foods, 374 
Pellagragenic factor, 63, 215 ° Polished rice, 187 
Pellagroid, 167 Pollards, 208 apts 
eruptions of the skin, 352 Polyhypovitaminosis, 150 
Pemmican, 201 Polyneuritis, 141 
Pennisetum typhoideum, 216, 402 in birds, 84 
Pentadesma butryaceum, 258 Polysaccharides, 5 
Pentosan, 6, 224 Pomegranate, 269, 416 
Pepper, 274, 276, 410, 418 Pomelo, 264 
Pequia nut, 258. Pomme d’or, 268 
Pericarp of cereals, 176 Poor man’s beef, 220 
Perleche, 355 Poppy, prickly, 376, 412 
Pernicious anemia, 109, 154 Population growth, 369 
Perosis of birds, 45 Pork, 283, 420 
Persea americana, 251 Porphyropsin, 73 
Persimmon, 268, 416 Portulacea oleracea, 242 
leaves, 242 Potassium, 28 
Petroselium sativum, 409 Potato, 236, 406 
PGA (pteroylglutamic acid), 108 anti-scorbutic effect of, 236 
Phephycee, 299 Kaffir, 240 
Phalwa oil, 257 loss of vitamins from, 203 
Phaseolus, 227, 228 P.P. (pellagra preventing), 94 
Phenylalanine, 12 Prawns, 286, 422 
Phenix dactylifera, 267 Premix, 213 
Phosphatase in blood and bone, 124, 358 Prescription of diets, 321 
Phospholipids, 10, 106 Prickly pear, 262, 416 
~~ Phosphorus, 27, 29 poppy, 376 
in blood, 29, 357 Prison diets, 326 
--deficiency in animals, 29 Proline, 12 
Photophobia, 143 Prosopis juliflora, 231 
~~ Phrynoderma, 150, 166, 350 Prosthetic group, 61 
Phylloquinone, 134 Protective foods, 311 
Physalis peruviana, 263 4+-Proteins, 11-26 
Phytase in cereals, 34 allowances of, 315, 316 
~ Phytates, 32 . amount in diets, 25 
Phytin, 32, 34 biological value of, 19 
Pica, 30 in blood, 357 
Pidgeon pea, 222 chemical score O12 
Pigment, loss of, 101 digestive utilization of, 18 
Pilewort, 52 ~ effect of cooking, 24 
Pili nut, 254 efficiency ratio of, 21 
Pimento, 276 estimation of, 397 
Pimpinella anisum, 274 hydrolysates of, 175 
** Pine’ from cobalt deficiency, 47 requirements of, 17 
Pineapple, 269, 416 -- during maternity, 23 
Pine needles, 51 specific dynamic effect of, 24 
Pinto bean, 228 supplementing action of, 22 
Piper betle, 276 utilization of, 18 
clusii, 276 Proteus XKI9, 96 
longum, 276 morgani, 101 
methysticum, 276 Prothrombin 135, 439 
nigrum, 276 Protium, 2 
Pistacia vera, 254 Prunes, 261, 416 





Pistacio nut, analysis of, 412 Prussic acid in foods, 379 
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Pseudo-pellagra, 165 
Psidium guajava, 265 
Psophocarpus tetragonolobus, 230 
Pterins, 109 
Pteroic acid, 110 
Pteroylglutamic (PGA), 108 
Ptomaines, 388 
Public health activities to combat mal- 
nutrition, 334 
Puerpueral sepsis, 366 
-Puises, 204, 219-235, 404 
carbohydrates in, 221 
dhalls from, 222 
digestibility of, 220 
glycosides in, 379 
poisons in, 374, 379 
saponins in, 385 
- Pumpkins, 249, 408 
seeds, analysis of, 412 
Punica granatum, 269 
Purdah, relation of, to osteomalacia, 127 
Purslane, 242 
Pyodermias in infantile mortality, 362 
Pyridine 63 
Pyridoxal, 98 
Pyridoxamine, 98 
Pyridoxine, 98 
absorption of fatty acids, 9 
Pruvates in blood in thiamine deficiency, 
83, 358 
Pruvates-lactates ratio in blood, 83 
Pyruvic acid, 82 


Q 
Queensland arrowroot, 301 
nut, 259 
Quinones, 134 
R 
Radish, 241, 406 
leaves, 247 
Ragi, 216 


Raisins, 416 

Rambutan, 269, 416 
Rampav, 273 

Rape seed, 258 

Raphanus sativus, 241, 247 
Rat anti-pellagra factor, 98 
Rathé, 362 

Ration of Indian troops, 320 
Red palm oil, 257, 426 
Refection, 67 

Reticulocytes, 158 

Retinine, 73 

Retrobulbar neuritis, 143, 146 
Rhizobium trefolii, 102 
Rhizopertha dominica, 429 
Rhizopus oryz@, 225 
Rhodophycee, 299 
Rhodopsin, 73 
Rhynchophorus, 287 


4+-Riboflavin, 89-93 
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allowances of, 315 
in blood, 358 
deficiency of, 91, 143 
effect of, cooking on, 92 
sunlight on, 201 


+= Rice, 176, 211-213, 402 


bean, 228 
bran, 187, 324 
cooking of, 193 
glutinous, 212, 442 
grain, structure of, 176 
hand pounded, 181 
husks, 176: 
Malekized, 191 
mills and milling, 186, 187 
nutritive values of, 191 
~ parboiled, 189, 193 
pearling of, 186 
percentage from paddy, 192 
polished, 187 
polishings, 187 
raw, 191, 193, 196 
terms used in trade, 441 
~ washing, 193 
white, 196 


-Rickets, 56, 121, 125 


Ricketty rosary, 126 
Rigga root, 240 
Roots, 236-241, 406 
Rose apple, 266 
Roystonea spp, 248 
Rozelle, 246 
Rumex, 52 

Ruta graveolus, 242 
Rutin, 120 

Rycena, 208 

Rye, 218, 402 


S 

Saccharin, 5 
Saccharomyces cerevise, 302 

ellipsoideus, 303 

tuac, 303 
Saccharose, 4 
Saccharum officinarum, 302 
Safflower, 259, 273 
Saffron, 273 
Sage, 242 
Sagittaria sagittifolia, 240 


Sago, 197, 300, 426 


Saint John’s bread, 230 

Salmon, analysis of, 422 

Salmonella poisoning, 391 

Salt, 28 pepe 
sickness from cobalt poisoning, 47 

Salvia officinalis, 242 

Sambol, 256, 271 

Samp, 216 

Sapodilla, 269, 416 

Sapogenin, 385 

Saponins in foodstuffs, 385 

Sapote, 269, 416 

Sapotoxins, 385 

Sapucaya nut, 259 
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Sarcoids in epidemic dropsy, 378 
Sardines, 285, 422 


Saturation test for vitamin deficiency, 357 


Sauropsis androgynus, 247 
Scarlet runner, 228 
Schoenheimer, Rudolf, 3 
School meals, 332 
Scotoma in retrobulbar neuritis, 146 
Screw pine leaves as condiment, 273 
Scrotal dermatitis, 143, 150, 352 
—Scurvy, 150-151 

in animals, 116 

history of, 51 

pathology of, 117 
Scurvy grass, 52, 246 


— Sea salt, 47 


slugs, 287, 422 
weeds, 47, 299 
Secale cereale, 218 
Sechium edule, 249 
Seeds, 252 
Sedges, roots of, 240 
Selenium poisoning, 49, 382 
Senecio, 387 
Sepia spp, 287 
Serine, 12 
Sesame oil, 259, 412 
Sesamum orientale (indicum), 259 
Sesbania grandifolia, 247 
Setaria Italica 216 
Shaddock, 264 
Shallot, 278 
Shellfish, 286 
Shoots as vegetables, 241, 247 
Sialkata oil, 376 
Sicania odorifera, 249 
Siderosis, 162 
Silicon, 49 
Simsim, 259 
Singapore almond, 254 
Singhara nut, 240 
Sinigrin, 276 
Sitophilus (calandra) oryze, 427 
Sitotraga cerealella, 433 
Snails, 286, 420 
Snake gourd, 249 
Sodium chloride, 28 
Solanin, 386 
Solanum melongena, 251 
tuberosum, 236 
Sore mouth, 143 
Sorghum, 216, 402 
Sorrel, 52, 242 
red, 246, 273 
Souari nut, 258 
Sour sop, 262, 414 
Sow bread, 385 
Soya bean, 219, 223-227, 404 
goitrogenic effect, 376 
milk, 224, 404 
proteins, 22 
Spaghetti, 211, 402 
Spanish plum, 269 


Specific dynamic effect on proteins, fats 


and carbohydrates, 24 
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Speedwell, 242 
Sphyrena spp, 388 
Spices, 271 

Spinacea oleracea, 242 


+.Spinach, 242, 246, 408 


Spirits, 281 
Split peas, 219 
Spondias spp, 265 
Spongy gums, 53, 151, 166 
Sprats, 285, 422 
Sprouted pulses, 226, 227, 410 
Spruce beer, 53 
tree and scurvy, 52 
Squash, 249 
Stanton, A. T., 56 
Star apple, 262 


-Starch, 5 


sugar, 4 
Starvation, 173 
Stearic acid, 2, 6 
Steatorrhea, 154, 165 
Sterility, 131 
Sterols, 9, 122 
Stillbirths, 107, 363 
Stomach ulcers, 132 


Stomatitis, 143, 165 


Strawberry, analysis of, 416 
Streptococcus griseus, 113 
lactis, 290 
lactis R factor, 108 Pm 
Streptogenin, 17 
String beans, 251 
Sucrose, 4 
Sugar, 301, 426 
beet, 4 
cane, 4, 302 
palm, 301, 426 
Sulphur, 17, 45 
Sunflower seeds, 254, 412 
Supplementation, 22 
Surgical aspects of malnutrition, 171 
Surveys, dietary, 334 
nutritional, 341 
Swamp cabbage, 246 
roots, 240 
Swayback in cattle, 43 
Sweating, need of increased salt in, 29 
Sweetbreads, 284 
Sweet potato, 236, 406 
Sweet sop, 262 
Sword bean, 230, 404 
Szent-Gy drgi, 114, 120 


yt 


Tabasco pepper, 274 
Tacca pinnatifida, 240, 301 
Takaki, beriberi in Japanese navy, 55 
Talinum triangulare, 247 
Talipot palm, 300 
Tallow nut, 258 
Tamarind, 272, 416 
Tangerine orange, 263 
Tania, 238, 406 
Saponins in, 385 
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‘Tapioca, 239, 406 Triticum vulgare, 208 
preparation of, 197 Trophopathic hepatitis, 162 
Taraxicum dens leonis, 242 Trypsin inhibiting factor in soya bean, 224 
Taro, 237, 406 Trytophane, 13 _ 
~Tea, 279 relation to niacin, 96 
seed oil, 259 1 Tubers, 236 
-Teeth, 31,168 Tucum oil, 257 
deciduous dentition, 438 Turmeric, 277, 301, 418 
in nutritional surveys, 356 colouring matter, 277 
Telfaria pedata, 259 Turnip, 241, 406 
Tenebrio, 430 Turtle, 422 
Tepary bean, 228, 404 Tuxford index, 347 
Terminalia catappa, 254 Tyrosine, 12 
kernbachii, 254 
Termites, 287, 420 U 
Teropterin, 110 Ulcers, 172 
Testa of cereals, 176 Uleus tropicum, 172 
Tetradon hispidus, 388 Umbondive root, 240 
Tetragonia expansa, 247 Urd bean, 277 
Thiaminase, 63, 304 Urtica spp, 242 
Thiamine (vitamin B,), 81-88 Utilization of proteins, 19 
allowances in diets, 315 
..beriberi due to deficiency of, 138 Vv 
cooking, effect of, 87 Vaccenic acid, 9 
deficiency in animals, 84 Vaccinum spp, 262 
effe ~~ storage on, 87 Valine, 12 
excretion of, 84 Vangueria edulis, 270 
~ in foodstuffs, 87 Vanilla planifolia, 276 
_-requirements of, 85 pompara, 276 
_-rice milling causing loss of, 191 Vasco da Gama, 51 
Thiopanic acid, 63 Vascularization of sclerotics in riboflavin 
Threonine, 12 deficiency, 143, 354 
Thryoxine, 17 Vegetable fruit, 205, 250 
Tiger nut, 240 marrow, 248, 408 
Til, 259 |. Vegetables, 205 
Tinned food, 200 calories from organic acids, 398 
Toadskin, 351 Vegetarianism, 25 
Tocopherol, 130 Velvet bean, 230, 404 
and vitamin A absorption, 74 Vermicelli, 211 
Toddy, 281, 301, 426 Veronica, 52, 242 
in relation to infantile beriberi, 141 Vicia faba, 231 
~ Tomatoes, 252, 410 sativa, 374 
Tonga beans, 229 Vigna sinensis, 228, 404 
Tongue, 143, 355 Vinegar, 279 
Tortillas, 97, 215 Viosterol, 121 
Torula utilis, 302 Vital statistics, 360, 366 
Toxemia of pregnancy, 154 Vitamin A, 70-81 
Toxamin, 33 absorption of, 73 
Toxipathic hepatitis, 162 allowances of, 315, 318 
Trace elements, 46 carotene, relation to, 70 
Tracer elements, 2 _. deficiency of. 75, 147, 353 
Trapa bispinosus, 240 determination of, in liver, 436 
natans, analysis of, 406 effect of cooking and storage on, 81 
Treacle, 302 international unit (1.U.) of, 78 
Tree tomato, 270, 416 requirements of, 78 





values in food, 80 


287 
Trepang, B complex and B,, 81 


Treponema vincenti, 173 


Trianthema monogyna, 247 B,, 89 

Tribolium castaneum, 431 B, and B,, 61 
confusum, 431 — B,, 98 

Trichosanthes anguina, as fe Bio a B,,, 108 
j -grecum, : 

Trigonella fenum-grecu Be OTE 


Trigonellin, 95 
Tripe, 284 Be, 108 
Triphasia trifolia, 266 C, 114 
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Vitamin D, 121-129 
in foodstuffs, 129 
international unit (1.U.), 127 
E, 130 
F, 60 
G, 89 
H, 102 
K, 134 : 
E137 «= 
M, 108 
P, 120 
PP; 93 


~ Vitamins, 51-69 


_—allowances of, in diets, 315, 318 
blood values of, 358 


destruction of, during food preparation, 


68 
history of, 51, 59 
saturation test for, 357 
sulphonamide drugs inhibiting, 63, 104, 
111 
synthesis of, 68 
toxicity of, 69 
urinary excretion of, 357 
Vitis vinifera, 265 
Voandzeia subterranea, 223 
Voa-vanga fruit, 270 
Vomiting sickness of Jamaica, 379 
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Walnuts, analysis of, 412 
Water calthrop, 240, 406 

chestnut, 240, 412 

cress, 52 

lily root, 240 

spinach, 246 
Weaning of infants, 331 
Weevils in cereals, 427 
Weights and measures tables, 459 
Wernicke’s encephalopathy, 141 
West Indian cherry, 270 

locust bean, 231 

Wheat, 208, 402 

structure of grain of, 176 
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White ants, 287 
Whitebait, 285, 422 
White cinnam, 277 
Williams,-R. R., 81 
Wills, Lucy, 61, 158 
Wines, 281 

Wonder bean, 223 


+.Wood apple, 270, 416 


Xx 


Xanthopterin, 109 
Xanthosoma sagittifolium, 238 
Xerophthalmia, 76, 166 
Ximena americana, 265 
Xylopia pepper, 276 


¥ 


Yam bean, 231, 240 
root, analysis of, 406 
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elephant foot, 239 
Yard long bean, 228 
Yautia, 238 


~{.Yeast, 302, 426 


extract of, 442 
Yellow dyes for colouring food, 273 
Yerba tea, 280 
Yoghourt, 290 


Z 


Zalacca spp, 267, 416 
Zanthoxylin, 276 
Zea mays, 214 
Zeaxanthin, 72 
Zedoary, 277 

Fe load te 
Zinc, 48 
Zingiberacee, 274 
Zingiber officinalis, 277 
Zizyphus jujuba, 266 
Zulu nut, 240 
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